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Preface 


This Design Guide is a supplement to the 13th edition of the American Institute of Steel Construction (AISC) 
Steel Construction Manual and its companion CD. The Manual contains sections on bolting to hollow 
structural sections (HSS), welding considerations for HSS, simple shear connections to HSS columns, fully 
restrained moment connections to HSS columns, and design considerations for HSS-to-HSS truss connections. 
The companion CD has seven examples of simple shear connections to HSS columns. Therefore, this Guide 
does not have a chapter on simple shear connections. The CD also has examples of a transverse plate on a 
rectangular HSS, a longitudinal plate on a round HSS, and HSS braces with end gusset plates, as well as 
examples of the design of cap plates, base plates and end plates on HSS members. 


The examples in this Guide conform to the 2005 AISC Specification for Structural Steel Buildings. Both load 
and resistance factor design (LRFD) and allowable strength design (ASD) solutions are presented. References 
are given to applicable sections of the Specification and to design tables in the Manual. This Guide contains a 
few additional tables that are applicable to HSS connections. It is recommended that readers of this Guide first 
become familiar with the Specification provisions for HSS connections and the accompanying Specification 
Commentary. 


Some of the material in this Guide is based on the AISC Hollow Structural Sections Connections Manual 
published in 1997. However, because the AISC Specification has evolved from that in effect in 1997, the 13th 
edition Manual and this Guide supersede the previous HSS Manual. 


Chapter K of the Specification presents the criteria for forces (axial force, in-plane moment and out-of-plane 
moment) in branch members framing into a main member. In this Guide, these same equations appear in a 
tabular format with drawings showing the connection configuration. This format is easier to follow than the 
descriptive text in the Specification. The design examples of direct HSS-to-HSS connections refer to both the 
appropriate tables in this Guide and the Specification equations. 
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Chapter 1 
Introduction 


In recent years, the popularity of hollow structural sections 
(HSS) has increased dramatically. The pleasing aesthetic 
appearance generated by architecturally exposed hollow 
sections is much favored by architects, and HSS also can 
provide reduced weight and surface area when compared to 
equivalent open sections. Some stunning examples of ex- 
posed HSS in building interiors are shown in Figure 1-1. 

Connections usually have been the challenging aspect 
for the designer of structures that involve HSS. This AISC 
Design Guide demonstrates design methods for a wide 
range of connection types. Note that, in many cases, the 
local strength of the HSS at the connection is an integral 
part—and perhaps a limitation—of the design. Moreover, 
note that reinforcing the connections of HSS assemblies 
often is not an available option, for either architectural or 
fabrication reasons. 


1.1 HSSAND BOX-SHAPED MEMBERS 


HSS manufactured according to American Society for Test- 
ing and Materials (ASTM) standard A500 (ASTM, 2007a) 
are cold-formed in tube mills, and have an electric resistance 
welded (ERW) continuous seam weld. This “weld” is pro- 
duced without the addition of any additional consumable. 
The weld bead on the outside is always removed, but the 
weld bead that results on the inside of the HSS is generally 
left in place. However, this inside weld bead can be removed 
at the point of manufacture if this requirement is specified 
to the tube mill; this may be desirable if one HSS is inserted 
into another, for example with telescoping poles. 


Round, square and rectangular HSS produced in accor- 
dance with the ASTM A500 Grade B standard are readily 
available throughout North America. Rectangular HSS are 
also frequently termed “shaped” sections. ASTM A500 
Grade C is increasingly available, and many HSS products 
are now dual-certified as meeting the requirements in both 
ASTM A500 Grade B and Grade C. The relative material 
strengths of these ASTM A500 HSS are shown in Table 1-1. 
Note that a particular grade has different yield strengths for 
round versus rectangular shapes. 

In some parts of the United States, various pipe products 
are readily available and used in lieu of round HSS. ASTM 
A53 (ASTM, 2007c) Grade B pipe, which is included in the 
American Institute of Steel Construction (AISC) Specifica- 
tion for Structural Steel Buildings, hereafter referred to as the 
AISC Specification (AISC, 2005a), has a lower yield strength 
than its ASTM A500 counterpart (see Table 1-1). All load 
tables in the 13th edition AISC Steel Construction Manual, 
hereafter referred to as the AISC Manual (AISC, 2005b), for 
HSS are based on ASTM A500 Grade B strengths, and the 
load tables for pipe use ASTM A53 Grade B strengths. 

Other North American HSS products that have properties 
and characteristics similar to the approved ASTM products 
are produced in Canada (CSA, 2004). This standard allows 
for two types of finished product: Class C (cold-formed) and 
Class H (cold-formed and stress relieved by heat treatment). 
Class H HSS have reduced levels of residual stress, which en- 
hances their performance as compression members and may 
provide better ductility in the corners of rectangular HSS. 


(a) Opryland Hotel, Nashville, Tennessee. 


(b) Interior of Rock and Roll Hall of Fame, Cleveland, Ohio. 


Fig. 1-1. Contemporary examples of HSS in construction. 
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It should also be noted that very large diameter tubular sec- 
tions are available to American Petroleum Institute (API) 
specifications; many different grades are available, and speci- 
fied outside diameters range from 0.405 in. to 84 in. (API, 
2007). 


The designation used to identify square and rectangular HSS 
is, for example: 


HSS8x4x!4 


In this designation, the whole numbers are the height and 
width, and the fraction is the nominal thickness. Decimal 
numbers are used for the outside diameter and nominal 
thickness in the designation of round HSS, for example: 


HSS6.000x0.375 


The designation for pipe is a traditional form for three 
grades, including: 


Standard; Std. 
Extra Strong; x-strong 
Double Extra Strong; xx-strong 


The diameter designated for pipe is a nominal value be- 
tween the specified inside and outside diameters, for 
example: 


Pipe 8 x-strong 


The dimensions and geometric properties of HSS and pipe 
are included in Part 1 of the AISC Manual in the following 
tables: 


Table 1-11: Rectangular HSS 
Table 1-12: Square HSS 
Table 1-13: Round HSS 
Table 1-14: Pipe 


Table 1-1. North American Manufacturing Standards for HSS 
with Mechanical Properties of Common Grades 
Product Specification Grade F,, ksi (MPa) |F., ksi (MPa) 
B 42 (290) 58 (400) 
Round 
Cold-formed ASTM C 46 (315) 62 (425) 
HSS A500 B 46 (315) 58 (400) 
Rectangular 

C 50 (345) 62 (425) 

Pipe ASTM A53 B 35 (240) 60 (415) 

Hortermed ASTM A501 B 50 (345) 70 (483) 
HSS 

Cold-formed 
and cold-formed) = Canycga-G40.20/G40.21 350W 51 (350) 65 (450) 
stress-relieved 

HSS 


Dimensional tolerances of the products are also included in 
the following tables: 


Table 1-27: Rectangular and Square HSS 
Table 1-28: Round HSS and Pipe 


The ASTM cold-formed material standard tolerances per- 
mit the wall thickness to be 10% under the nominal wall 
thickness. Consequently, the mills consistently produce HSS 
with wall thicknesses less than the nominal wall thickness. 
Section B3.12 in the AISC Specification accounts for this 
by designating a design wall thickness of 0.93 times the 
nominal thickness. The design wall thickness is included in 
the tables of dimensions and properties in the AISC Manual, 
and all properties (A, D/t, I, Z, S, etc.) are based on the design 
wall thickness. 

Round, square and rectangular HSS manufactured accord- 
ing to the ASTM A500 standard are available in perimeters 
up to 64 in. and in thicknesses up to % in. Larger sizes in 
square and rectangular sections are classified as box-shaped 
members in the AISC Specification. A standard product line 
of these box sections up to 128-in. perimeter is produced by 
placing two flat strips in a brake press to form two identical 
halves of a finished tube size. A backing bar is tack welded 
to each leg of one of the half sections. Then, the two half sec- 
tions are fitted together toe-to-toe and submerged arc welded 
together to complete the square or rectangular section. These 
sections are produced with the full nominal thickness so that 
the design wall thickness of 0.93¢ does not apply. 

The standard sizes of HSS and larger box-shaped mem- 
bers produced appear in HSS availability listings on the 
AISC website (www.aisc.org) and periodically in AISC’s 
Modern Steel Construction magazine. Tables of dimensions 
and section properties for larger box-shaped members can be 
obtained from the manufacturer. 
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The ASTM A501 standard (ASTM, 2007b) for hot-formed 
tubing is included in the AISC Specification even though 
these products have not been produced in North America for 
several decades. However, ASTM A501 has recently been 
revised to add Grade B, which is a hot-finished product with 
the mechanical properties shown in Table 1-1. The manufac- 
turing process is similar to cold-formed HSS, but the final 
shaping and sizing are completed after the steel has been 
heated to a full normalizing temperature. These products 
are made by European manufacturers in round, square, rect- 
angular and elliptical shapes (Packer, 2008). Such sections 
are essentially produced to the European standard EN10210 
Parts | and 2 (CEN, 2006a, 2006b), and the elliptical hollow 
sections have a major-to-minor axis dimension ratio on the 
order of 2:1. 

Sections up to 16-in. square and 0.625-in. thick are pro- 
duced with ERW seams and are available in several sizes. 
There is also a product line of jumbo HSS in sizes up to 
32-in. square and thicknesses up to 2.36 in. For thicknesses 
up to | in., the sections are manufactured with ERW seams. 
For greater thicknesses, submerged arc welding (SAW) is 
used for the seams. SAW box sections can be produced from 
plate material (such as ASTM A572 Grade 50 as used in Ex- 
ample 3.3), but they generally are of a size that exceeds the 
64-in. periphery limitation in ASTM A500. As such, these 
cross sections do not necessarily meet the requirements in 
ASTM A500. The specifier should contact the producer(s) 
of such cross sections to determine the cross sections that 
are made, as well as their cross-sectional properties and ap- 
plicable production requirements. This information is also 
available in the EN10210 standard (CEN, 2006a, 2006b). 


1.2 HSS CONNECTION DESIGN STANDARDS 
AND SCOPE 


The 2005 AISC Specification supersedes all previous AISC 
Specifications, including the 1999 Load and Resistance 
Design Specification for Structural Steel Buildings (AISC, 
1999), the 1989 Specification for Structural Steel Buildings 
— Allowable Stress Design and Plastic Design (AISC, 1989) 
including Supplement No. 1, and the 2000 Load and Resis- 
tance Factor Design Specification for Steel Hollow Structural 
Sections (AISC, 2000). Direct HSS-to-HSS welded connec- 
tions are now covered in Chapter K of the 2005 AISC Speci- 
fication. Framing connections use the criteria in Chapter K 
for concentrated loads and applicable portions of Chapter J 
for welding, bolting and connecting elements. Some aspects 
of HSS connection design, such as prying action, do not ap- 
pear directly in the AISC Specification, but use guidelines 
from the AISC Manual or published research. 


The scope of the AISC Specification, and hence this De- 
sign Guide, for HSS connections is limited to: 
e Static design 
e Single planar design 
e¢ Symmetry perpendicular to the plane (no offset elements) 
e Unfilled and unreinforced HSS 


Guidelines for conditions outside the scope of the AISC 

Specification appear in other codes and design guides: 

e Fatigue (AWS, 2008; Zhao et al., 2001) 

e Seismic design (Kurobane et al., 2004) 

¢ Multiplanar connections (AWS, 2008; Packer and 
Henderson, 1997) 

¢ Offset connections (AWS, 2008) 

e¢ Connections to concrete-filled HSS (Kurobane et al., 
2004) 


1.3 ADVANTAGES OF HSS 


HSS are very efficient sections for torsion and compression 
loading. For compressive loading, this is due to the favorable 
weak-axis radius of gyration, which often controls the avail- 
able compressive strength. 

It is not possible to make direct cost comparisons with 
other shapes because prices vary with time, application and 
geographic location. However, Table 1-2 compares two of 
the key factors that influence cost: weight and surface area 
that may require some type of preparation. The comparisons 
are between ASTM A992 wide-flange shapes, ASTM A500 
Grade B round HSS, and ASTM A500 Grade B square HSS. 
Sections are selected for a particular length and load using 
AISC Manual Tables 4-1, 4-4 and 4-5. The load and resis- 
tance factor design (LRFD) load is 1.5 times the allowable 
strength design (ASD) load, and because this is the calibra- 
tion load ratio in the AISC Specification, the same sections 
are determined in LRFD and ASD. The selected sections have 
comparable depths and available strengths. Data is provided 
for two cases: a compression member with moderate length 
(KL = 16 ft) and load, and a longer compression member 
(KL = 32 ft) with a higher load. 

The wide-flange section is used as the basis for compari- 
son and is assigned 100% for weight and surface area. It is 
apparent from Table 1-2 that these example HSS are 10 to 
20% lighter than the corresponding wide-flange members, 
and have one-third to one-half less surface area. The latter is 
particularly influential for decreasing painting costs. More- 
over, one should also bear in mind that this section com- 
parison is performed using ASTM A500 Grade B material, 
which is readily available. If ASTM A500 Grade C mate- 
rial (with higher yield strength) were used, the advantage is 
even greater. 


AISC DESIGN GUIDE 24 / HOLLOW STRUCTURAL SECTION CONNECTIONS / 3 


1.4 OTHER CONSIDERATIONS 


1.4.1 Notch Toughness 


ASTM A500 (ASTM, 2007a) has no notch toughness 
requirements. However, ASTM A500 importantly notes 
“.,.Products manufactured to this specification may not be 
suitable for those applications such as dynamically loaded 
elements in welded structures, etc., where low-temperature 
notch-toughness properties may be important.” The new 
ASTM A501 Grade B includes a Charpy V-notch impact test 
with the minimum energy absorbed of 20 ft-lb (27 J) at a 
temperature of 0 °F (-18 °C) (ASTM, 2007b). 


1.4.2 Galvanizing Issues 


In the ASTM A500 standard the outside corner radius of 
square and rectangular HSS is required to be equal to or less 
than 3t, where f is the wall thickness (ASTM, 2007a). The 
standard, ASTM A143/A143M-03 (ASTM, 2003) states that 
“a cold bending radius of three times the section thickness... 
will ordinarily ensure satisfactory properties in the final 
product.” Thus, all square and rectangular HSS produced in 
North America are potentially prone to corner cracking dur- 
ing hot-dip galvanizing because the outside corner radius av- 
erages 2f, and the upper limit on outside corner radius for all 
ASTM A500 HSS is at the minimum bending radius recom- 
mended for galvanizing. Kinstler’s (2005) report pointed out 
that “...the amount of cold work, as measured by the bending 
radius, is the most important single factor to consider when 
there is concern for brittle-type failure of steel galvanized 
after cold working.” ASTM A143/A143M-03 continues to 


Table 1-2. Comparison of W-Shape and HSS Compression Members 
Length and KL = 16 ft KL = 32 ft 
required P,, = 200 kips (LRFD) P,, = 600 kips (LRFD) 
strength P, = 133 kips (ASD) P, = 400 kips (ASD) 
W-sh HSS W-sh HSS 
Member type eee ASTM A500 Grade B pling ASTM A500 Grade B 
and grade ASTM ASTM 
A992 Round Square A992 Round Square 
Section W8x31 HSS7.500x0.375 HSS8x8x4 W14x109 HSS14.000x0.625 | HSS14x14x'% 
Available 212 (LRFD) 208 (LRFD) 229 (LRFD) 664 (LRFD) 620 (LRFD) 734 (LRFD) 
strength, kips 141 (ASD) 138 (ASD) 152 (ASD) 442 (ASD) 412 (ASD) 488 (ASD) 
Weight, Ib/ft 31 28.6 25.8 109 89.4 89.6 
(see note) (100%) (92%) (83%) (100%) (82%) (82%) 
a 3.88 1.97 2.60 7.02 3.67 4.53 
9 9 9 Loy 9 9 
(see note) (100%) (51%) (67%) (100%) (52%) (65%) 
Note: The number in parentheses represents the percent of weight or surface area relative to the wide-flange option. 


advise that “...For heavy cold deformation exemplified by 
cold rolling...subcritical annealing at temperatures from 
1200 to 1300 °F [650 to 705 °C] should be used.” 

For hot-dip galvanizing, holes to allow for filling, venting 
and drainage are necessary, and adequate sizing minimizes 
differential thermal stresses experienced by the structure 
upon galvanizing. Vent holes with a minimum diameter of 
% in. (13 mm) and drain holes with a diameter of 1 in. 
(25 mm) are recommended. 


1.4.3 Internal Corrosion 


The AISC Specification Commentary Section B3.11 dis- 
cusses the topic of internal corrosion in HSS. In summary: 


1. Corrosion will not occur in an enclosed building and is a 
consideration only in HSS exposed to weather. 


2. Internal corrosion will not occur in a sealed HSS. 


3. Pressure-equalizing holes at locations where water can- 
not flow into the HSS by gravity will prevent capillary 
action or aspiration through fine openings, such as an 
unwelded length of two plates or members in contact. 


4. Internal protection is required only in open HSS where 
a change in air volume by ventilation or direct flow of 
water is possible, or when the HSS is subject to a tem- 
perature gradient that would cause condensation. 


Care should be taken to keep water from remaining in the HSS 
during or after construction, because the expansion caused 
by freezing can create pressure sufficient to burst the HSS. 
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Chapter 2 
Welding 


AISC Design Guide 21, Welded Connections—A Primer for 
Engineers (Miller, 2006) provides excellent general advice 
for engineers on welding, including some particular remarks 
on welding HSS. With HSS-to-HSS welded connections, 
there are two design philosophies that can be used for weld 
design: 


1. The weld can be proportioned so that it develops the yield 
strength of the connected branch wall at all locations 
around the branch. This will represent an upper limit 
on the weld size—and a conservative design procedure. 
This approach is particularly appropriate if plastic stress 
redistribution is required in the connection. The same 
effective weld size should be maintained all around the 
attached branch, except for the “hidden weld” in HSS- 
to-HSS partially overlapped K- or N-connections (see 
Chapter 8). 


2. The weld can be proportioned so that it resists the ap- 
plied forces in the branch. This approach is particularly 
appropriate if the branch forces are low relative to the 
branch member strength, such as when branches are 
sized for aesthetic reasons (e.g., the branches of a simply 
supported truss may be the same throughout the truss, 
yet, at the center of the truss, the web member forces will 
be very low under uniformly distributed load). If this de- 
sign philosophy is adopted, effective weld lengths must 
be taken into account (see Section 2.4), and the same 
effective weld size should still be maintained all around 
the attached branch, with the entire branch perimeter 
welded (including the “hidden toe,” if applicable). 


2.1 TYPES OF HSS WELDS 


The four common types of welds used in HSS connections, 
in order of preference, are: 


Fillet welds 

Partial-joint-penetration (PJP) groove welds 
Flare-bevel and flare-V-groove welds 
Complete-joint-penetration (CJP) groove welds 


mo te 


2.1.1 Fillet Welds 


Fillet welds are the most economical welds, and should be 
used in HSS connections whenever practical. However, for 
T-, Y-, K- and cross-connections (defined in Section 8.3) with 
fillet welds, it is recommended that the fillet weld strength 
enhancement, as given by AISC Specification Equation J2-5, 


not be used for design of the welds. This is because the welds 
are not “loaded in plane” for these truss-type connections. 

To facilitate fillet welding in square or rectangular HSS- 
to-HSS connections, the branch should sit on the “flat” of the 
main through (chord) member, as shown in Figure 2-1, for a 
“stepped” configuration rather than a “matched” configura- 
tion (branch and chord of equal width). 

In some situations, the attached element in the joint may 
be skewed, or not perpendicular, to the continuous element 
as shown in Figure 2-2. 


Fig. 2-1. Stepped HSS-to-HSS connections. 


Local 

dihedral Local 
angle dihedral 
-toe zone 


angle 
-heel zone 


Fig. 2-2. Skewed joint. 
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Table 2-1. Weld Size Factors for Skew 
Dihedral Angle (°) Factor 
60 1.41 

70 1.23 

80 1.10 

90 1.00 

100 0.923 

110 0.863 

120 0.816 

130 0.780 


As the dihedral angle decreases from 90°, the theoretical 
throat increases. On the other side with the larger angle, the 
theoretical throat decreases. Table 2-1 provides the equiv- 
alent weld size factors to account for the skew angle. The 
actual weld size, w, is multiplied by the factor to obtain the 
equivalent weld size, w.,, with the same throat and a 90° 
dihedral angle. On the side with the larger angle, the fillet 
weld size must be adjusted for the root opening, which can- 
not exceed 6 in. according to AWS D1.1/D1.1M (AWS, 
2008) Section 5.22.1, if the attached element is cut square as 
shown in Figure 2-2. Example 2.1 shows the calculation of 
a skewed fillet weld. 


2.1.2 PJP and CJP Groove Welds 


In HSS-to-HSS connections, the welding can be done only 
from one side. Therefore, any groove-welded joint detail 
that requires preparation and welding on both sides—or 
backgouging—is not possible. 

PJP groove welds are preferable to CJP groove welds, 
when it is possible to use them. Prequalified PJP welded 
joints establish an effective throat, E, as a function of the ma- 
terial thickness; weld preparation depth, S; weld process; and 
position. The dimension E is equivalent to S$ minus any loss at 
the root due to lack of fusion. Design drawings should speci- 
fy the required strength of the weld, and shop detail drawings 
must show the groove size, S, and effective throat, E. 

When CJP groove welds are required, steel backing should 
be used, where possible, with a detailed root dimension to 
allow placement of sound weld metal in the full depth of 
the joint. In some cases, special inserts may be required to 
accommodate the HSS geometry. In statically loaded struc- 
tures, this backing may be left in place. 

In cyclically loaded structures, or other structures where 
backing cannot be left in place, an alternative approach is 
required, since it is not possible to remove the backing that is 


concealed inside the HSS. In such cases, CJP groove welds 
are also made with a backup weld at the root placed from the 
outside. Careful preparation of the joint is required to ensure 
the proper gap at the root. Because of the limited access and 
the skill required to fill the open root, often while out of po- 
sition, a special 6GR certification is required for the welder 
(AWS, 2008). 

Round HSS-to-HSS joints are complex and the bevel 
preparation varies around the perimeter of the joining mem- 
ber. A good discussion of various types of backing and joint 
details is given by Post (1990). 


2.1.3 Flare-Bevel and Flare-V Groove Welds 


Flare-bevel and flare-V groove welds are used at the 
rounded corners of rectangular and square HSS. They are 
used to attach flat elements that are wider than the HSS, or 
for matched HSS connections where the width of a branch 
member is the same as that of the continuous member in the 
connection. Flare-V groove welds are used when the corners 
of two square or rectangular HSS are welded together, such 
as in back-to-back, double-chord trusses. Figure 2-3 shows 
examples of flare-bevel and flare-V groove welds. 

Table J2.2 of the AISC Specification gives the effective 
weld sizes for flare groove welds depending on the welding 
process, and presuming that the welds are filled flush with 
the outside face of the HSS. These are based on experimental 
research by Packer and Frater (2005), and take into account 
typical gap sizes that occur at the weld root. The effective 
weld sizes for flare-bevel groove welds are: 


YR for gas metal arc welding (GMAW) 
flux-cored arc welding—gas shielded 
(FCAW-G) 

VioR for shielded metal arc welding (SMAW) 


flux-cored arc welding—self shielded 
(FCAW-S) 
submerged arc welding (SAW) 


R is the radius of the joint surface, which may be taken 
as 2t for HSS, giving an effective weld size of 1'4t or ¥%t, 
respectively. If the weld is not filled flush to the HSS face 
(as in Figure 2-3), these effective throat sizes are reduced by 
subtracting the distance from the weld face to the HSS face. 

Table J2.2 of the AISC Specification does not place an 
upper limit on R and is conservative in the resulting effective 
weld sizes for large R values. However, the AISC Specifi- 
cation does note that other effective throats may be used if 
demonstrated by tests. This information presumes that high 
heat input is applied (e.g., GMAW in full spray mode). 

In matched box connections, a gap often exists between 
the inside of the branch and the corner of the continuous 
member, which makes it impossible to obtain a good root for 
the flare weld. The AISC Manual shows three methods for 
eliminating this problem (page 8-24): profile shaping across 
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the width of the branch, placing a weld build-out at the cor- 
ner along the length of the continuous member, and using a 
backing diaphragm inside the branch. 


2.2. WELD INSPECTION 


The AISC Manual lists and discusses (pages 8-4 to 8-7) 
the five most commonly used types of nondestructive test- 
ing (NDT) methods described in AWS D1.1 (AWS, 2008). 
The discussion is in general terms and applies to all types 
of welding. The following is a summary of NDT methods 
applied to HSS: 


1. Visual testing (VT) must be performed on all welds 
(AWS, 2008) to ensure that they meet structural qual- 


(a) Flare-bevel-groove weld between HSS corner and plate. 
The weld is not filled flush to the edge of the HSS. 


(b) Flare-V-groove weld between two HSS corners. 
The weld is not filled flush to the edge of the HSS. 


Fig. 2-3. Examples of flare-groove welds to square HSS 
(Packer and Frater, 2005). (Note the gap that typically 
occurs at the weld root.) 


ity in HSS fabrication. All joints are examined prior to 
the commencement of welding to check fit-up, prepa- 
ration of bevels, gaps, alignment and other variables. 
After the joint is welded, it is then visually inspected in 
accordance with AWS D1.1 (AWS, 2008). If a discon- 
tinuity is suspected, either the weld is repaired or other 
inspection methods are used to validate the integrity of 
the weld. In most cases, timely visual inspection by an 
experienced inspector is sufficient and offers the most 
practical and effective inspection alternative to other 
more costly methods. 


. Dye penetrant testing (PT) is useful for the detection 


of surface indications including tight cracks that are 
open to the surface. PT tends to be messy and slow, 
but it can be helpful when determining the extent of a 
defect found by visual examination. This is especially 
true when the defect is being removed by gouging or 
grinding for the repair of a weld to ensure that the de- 
fect is completely removed. 


. Magnetic particle testing (MT), as shown in Figure 


2-4, is useful for the detection of surface indications 
and subsurface indication to a depth of approximately 
0.1 in. MT can be used when the absence of cracking 
in areas of high restraint must be confirmed. 


. Ultrasonic testing (UT) has limited applicability in 


HSS fabrication. Relatively thin sections and varia- 
tions in joint geometry can lead to difficulties in inter- 
preting the signals, although technicians with specific 
experience on weldments similar to those to be exam- 
ined may be able, in some instances, to decipher UT 
readings. Ultrasonic testing is not suitable for use with 
fillet welds and smaller PJP groove welds. CJP groove 
welds with and without backing bars also give read- 
ings that are subject to differing interpretations. 


Fig. 2-4. Magnetic particle testing of an HSS connection. 
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5. Radiographic testing (RT) has very limited applicabil- 
ity in HSS fabrication because of the irregular shape 
of common joints and the resulting variations in thick- 
ness of material as projected onto film. RT can be used 
successfully for butt splices, but can only provide lim- 
ited information about the condition of fusion at back- 
ing bars near the root corners. The general inability 
to place either the radiation source or the film inside 
the HSS means that exposures must usually be taken 
through both the front and back faces of the section 
with the film attached outside the back face. Several 
shots progressing around the member are needed to 
examine the complete joint. 


2.3. EFFECTIVE SIZE OF FILLET WELDS 


When an element is fillet-welded to an HSS, the AISC Speci- 
fication requires that both the weld metal and the base metal 
be checked. With thin HSS, yielding or fracture of the base 
metal may be the critical limit state. When this is the case, 
the connection can be evaluated by using an effective weld 
size, which is the weld size that has the same strength as the 
base metal. Using this concept, the AISC Manual tables for 
eccentric loads on weld groups can be used to evaluate the 
base metal failure. It is also possible to establish minimum 
wall thicknesses required to develop the full strength of a 
particular weld size. Page 9-5 of the AISC Manual shows the 
minimum thickness to develop the rupture strength of a weld 
size D with Fry, = 70 ksi. This concept can be expanded to 
include the yield strength, other strength filler metals, and an 
effective weld size for smaller thicknesses. 

The nominal weld metal strength, per unit length, in AISC 
Specification Section J2.4 is: 


R,= F,,—= 2-1 
"162 (2-1) 
D 
= 0.60F,.. —= 
EXX 16 V2 
where 
D = number of sixteenths of an inch in the fillet weld 
size 
Frxy = electrode classification number, ksi 


The nominal shear strength of the base metal, per unit length 
next to the weld, in AISC Specification Section J4.2 is: 


R, = Fut (2-2) 


where 
Fey = 0.60F, for shear yielding per AISC Specification 
Equation J4-3, or 
= 0.60F, for shear rupture per AISC Specification 
Equation J4-4 


The effective weld size, D.z, is obtained by equating the 
available strength of the weld metal and the base metal. For 
shear yielding in the base metal: 


LRFD 
,= su = 1.00 
wn 2% a) 0 au Feut 
0.75 (0.60 Fry 25 = 1.00 (0.60F,)r 
F, 
Dey = 30.2 } (2-3a) 
Frexx 
ASD 
Q,,=2.00  Qyy = 1.50 
F, ( Dep )_ Feat 
Q,, 16V2 Qau 
0.60 Fixx ( Der )_ (0.60%) 
2.00 \16/2 1.50 
F, 
Dey = x0 } (2-3b) 
Fry 


For shear rupture in the base metal: 


LRFD 
by =0.75 de =0.75 
0.r( Dat |- Osu Feut 
16/2 
0.75(0.60Fias)( ve )- 0.75 (0.60F, )t 
16/2 
De = 226( a } (2-4a) 
Frxx 
ASD 
0,,=2.00  Qne=2.00 


Fy Dey _ Feut 
Q, \16V2) Qeu 
ae Dey coe 


2.00 | 16/2 2.00 


F, 
Deg = 22.6 


EXX 


) t (2-4b) 


Because the smaller D,; determines the controlling limit 
state, yielding will control if 30.2(F,/Frxy)t < 22.6(F,,/Fexy)t, 
which reduces to F,/F,, < 0.75. Table 2-2 gives the governing 
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Table 2-2. Controlling Limit State for D.., for HSS Materials 
ASTM Material F,, ksi F,,, ksi F,/F,, Limit State Der 
F 
A53 Grade B 35 60 0.583 praia 20a 7 
yielding ey 
F 
Round 42 58 0.724 — Hee 20a 7 
yielding ie 
Grade B 
F 
Rectangular | 46 58 0.793 Besetsta |: eae) 0) 
rupture Fag 
A500 
F 
Round 46 62 0.742 Bee st 20a{ 7} 
yielding Fagg 
Grade C 
F 
Rectangular | 50 62 0.806 Base Metal |- pags 
rupture Fay 
Table 2-3. HSS Minimum Thickness, t,,;,, to Develop Fexx Strength, in. 
Weld Size, in. A53 Grade B A500 Grade B, A500 Grade B, A500 Grade C, A500 Grade C, 
Round Rectangular Round Rectangular 
e 0.199 0.166 0.160 0.151 0.150 
% 0.265 0.221 0.214 0.202 0.200 
Se 0.331 0.276 0.267 0.252 0.250 
% 0.397 0.331 0.320 0.302 0.300 
Te 0.464 0.386 0.374 0.353 0.350 
Ye 0.530 0.442 0.427 0.403 0.400 
%e 0.596 0.497 0.481 0.453 0.450 
limit state for D,, for various HSS materials, and it can be 2.4 EFFECTIVE WELD LENGTH 


seen that round products are controlled by base metal yield- 
ing, while square and rectangular products are controlled by 
base metal rupture. 

By setting D., equal to a particular weld size, the mini- 
mum HSS wall thickness, f,,;,, to develop the full strength 
of the weld can be determined. The matching filler metal 
for the various HSS grades has a strength level of 70 ksi. 
Table 2-3 gives the minimum HSS wall thickness to develop 
the 70-ksi-strength filler metal for fillet weld sizes typically 
used with HSS. This concept is based on one shear plane 
per weld. If there are two welds for one plate (e.g., a single- 
plate shear connection), each weld is associated with half the 
thickness of the plate. 

In addition to the limit states associated with the weld, 
limit states associated with the HSS wall and the connecting 
element must be considered. Example 2.2 shows a calcula- 
tion for the effective weld size. 


Due to the variation in flexural stiffness of the wall across 
the width of a rectangular HSS, a force transmitted through 
a weld is often not uniformly distributed. This can be ac- 
counted for in design using an effective length approach. 
This reduced effective length applies both to the weld and to 
the force in the connected element. 

For elements transverse to an HSS face, the load is highest 
at the ends closest to the sidewalls of the HSS and decays to 
the smallest value at the center of the element. The net effect 
is that the weld may not be fully effective and could unzip 
with a crack starting at the ends. The AISC Specification ac- 
counts for this by specifying an effective weld length, L,, to 
be used in calculating the available weld strength. 

AISC Specification Equation K1-7 is used for welds to 
transverse plates, and it can be seen that the total effec- 
tive weld length of Equation K1-7 is equal to twice (for 
two welds on each side of a plate) the effective width of a 
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transverse element given by b,,; in Equation K2-19. This il- 
lustrates the concept that where the philosophy of designing 
the welds in HSS connections to resist specific branch or 
plate loads is used, the effective weld lengths to be used can 
be taken as the effective widths of the connected elements 
considering the limit state of “local yielding due to uneven 
load distribution.” This effective length of transverse welds 
(L.) and transverse elements (b,,;) dates back to research by 
Rolloos (1969); Wardenier et al. (1981); and Davies and 
Packer (1982). Attached elements (and welds) longitudinal 
(or parallel) to the axis of a square or rectangular HSS can 
be assumed to be fully effective; hence, the full weld length 
is used in Example 2.2. 

In AISC Specification Section K2.3e, weld effective 
lengths, L,, are specified for welds to T-, Y-, cross- and 
gapped K-connections, which are defined in Section 8.3 
of this Design Guide. These are simplified design recom- 
mendations that are generally more conservative than the 
foregoing b,,,; method, which was based on transverse plates 


2.5. WELDED JOINT DESIGN EXAMPLES 
Example 2.1—Skewed Fillet Welds 


Given: 


oriented at a branch angle of 90° to the HSS main (chord) 
member. The recommendations of Section K2.3e take into 
account the influence of the branch angle that was observed 
in experimental research on welds in HSS truss connections 
(Frater and Packer, 1992a, 1992b; Packer, 1995; Packer and 
Cassidy, 1995). Design Example 8.5 in this Design Guide 
demonstrates the effective weld length calculation for a 
K-connection. 

No effective weld lengths are given in the AISC Specifica- 
tion for overlapped K-connections with square or rectangu- 
lar members, but one can adopt the effective widths, b,,; and 
boy, in Section K2.3d for transverse welds in such connec- 
tions. For square or rectangular HSS-to-HSS moment con- 
nections, one can similarly adopt the b,,; terms for effective 
widths of transverse welds, as given for transverse elements 
in Sections K3.3b(c) and K3.3c(c), as these represent the 
influence of local yielding due to uneven load distribution. 
Example 2.3 shows a calculation for a transverse weld to a 
square HSS. 


Using the geometry illustrated in Figure 2-2, with & = 20 and t, = '4 in., determine the design strength (LRFD) and allowable 
strength (ASD) per unit length in shear for welds with size, w = % in., and 70-ksi filler metal. Also determine the adjustment to 
the weld size required for the left weld to account for the root opening that occurs due to the skew angle. 


Solution: 


For the right weld, the dihedral angle is 90° — 20° = 70°. From Table 2-1, the weld size factor is 1.23. Thus, the equivalent weld 


SIZE, Weg, 1S: 


Weg = (weld-size factor )( w) 
= 1.23(¥ in.) 
= 0.308 in. 


From AISC Specification Table J2.5, the nominal strength of the right weld per inch is: 


R, = FvAw 


a, tsi 28 ™) 


V2 


= 9.15 kips/in. 


(Spec. Eq. 12-3) 


For the left weld, the dihedral angle is 90° + 20° = 110°. From Table 2-1, the weld size factor is 0.863. Thus, the equivalent 


weld size, w,,, is: 


Wey = (weld-size factor )(w) 
= 0.863('% in.) 
= 0.216 in. 
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From AISC Specification Table J2.5 and AISC Specification Equation J2-3, the nominal strength of the right weld per inch is: 


R, = FiAw 


=J0G rsi( 218 "| 


V2 


= 6.41 kips/in. 


The design strength (LRFD) and allowable strength (ASD) are: 


= 11.7 kips/in. 


LRFD ASD 
 =0.75 Q =2.00 
ne a R, — 9.15 kips/in.+ 6.41 kips/in. 
OR, = 0.75(9.15 kips/in. + 6.41 kips/in.) a oat 


= 7.78 kips/in. 


The root opening that occurs due to the skew of the plate is: 
root opening = #,,sina 
= (‘A in.) (sin 20°) 
= 0.171 in. < Mo in. 0.k. 


The adjusted weld size for the left weld is: 


adjusted weld size = w + root opening 
= in.+0.171 in. 
= 0.421 in. 


Use a %o-in. fillet weld size (to account for the root opening). 


Example 2.2—Effective Weld Size 


Given: 


Determine the 70-ksi weld size required to support the dead and 
live loads for the plate-to-Pipe connection shown in Figure 2-5. 
Also evaluate the capability of the Pipe wall to support the loads 


in direct shear. 


From AISC Manual Tables 2-3 and 2-4, the material properties 


are as follows: 


Pipe 8 x-strong 
ASTM AS53 Grade B 


F,=35 ksi 
F,,= 60 ksi 
PL %6 x 9 
ASTM A36 
F, = 36 ksi 
F, =58 ksi 


From AISC Manual Table 1-14, the Pipe geometric properties 


are as follows: 


Pipe 8 x-strong 
D =8.63 in. 
t =0.465 in. 


ASTM A53 Gr. B 


Pp = 23.0 kips 


Pipe 8 x-Strong P, = 70.0 kips 


9.00" 


PL 6x9 
ASTM A36 


Fig. 2-5. Welded plate to round HSS connection. 
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Solution: 
Required strength 


From Chapter 2 in Minimum Design Loads for Buildings and Other Structures (ASCE, 2006), hereafter referred to as ASCE 7, 
the required strength based on the vertical loads is: 


LRFD ASD 
P, =1.2(23.0 kips) + 1.6(70.0 kips) P, = 23.0 kips + 70.0 kips 
= 140 kips = 93.0 kips 


Weld size for the eccentric load on the weld group 


For the eccentrically loaded weld group, from AISC Manual Table 8-4, with e = 3.00 in. and / = 9.00 in.: 


For 6 = 0° and the special case shown for the load not in the plane of the weld group, by linear interpolation using the values in 
the table for k = 0: 


C = 3.09 —0.333(3.09 — 2.66) 


= 2.95 
LRFD ASD 
o =0.75 Q = 2.00 
QP 
D.= aM Dain = : 
min oCCl CE 
_ 140 kips __ 2.00(93.0 kips) 
0.75 (2.95) (1.00)(9.00 in.) 7 2.95 (1.00) (9.00 in.) 
= 7.03 sixteenths-of-an-inch = 7.01 sixteenths-of-an-inch 


Use '4-in. fillet welds. 


For the shear strength of the Pipe wall, the minimum thickness from Table 2-3 to develop 2-in. fillet welds is 0.530 in., which 
exceeds the actual wall thickness, t = 0.465 in. Therefore, the base metal controls. 


Effective weld size 


From Table 2-2, the effective weld size, D,,, is: 


F 
Diy = 0a ; } 
; Fry 


= 30.2| 22 ** |(0,465 in.) 
70 ksi 


= 7.02 sixteenths-of-an-inch 
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From AISC Manual Table 8-4, the design strength (LRFD) and the allowable strength (ASD) are: 


LRFD ASD 
OR, = OCC\Degl R, _ COD gl 
Ss caf . Q Q 
= 0.75 (2.95 kips/in.) (1.00)(7.02)(9.00 in.) (2.95 kips/in.)(1.00)(7.02)(9.00 in.) 
=140 kips 2 140 kips o.k. 7 2.00 
= 93.0 kips 2 93.0 kips 0.k. 


Note: The purpose of this example is to illustrate the effective weld size concept. In a complete connection design, other consid- 
erations, such as the punching shear limit state and its associated limits of applicability stipulated in AISC Specification Section 
K1, should also be checked. These considerations are addressed later in this Design Guide. 


Example 2.3—Transverse Weld to a Square or Rectangular HSS 


Given: 


Determine the 70-ksi weld size required to support the dead and live loads for the transverse plate-to-HSS connection shown in 
Figure 2-6. 


From AISC Manual Tables 2-3 and 2-4, the material properties are as follows: 


HSS8x8x!4 

ASTM A500 Grade B 
F, = 46 ksi 

F,, =58 ksi 

PL2x5'!4 

ASTM A36 

Fy, = 36 ksi 

Fy = 58 ksi 


From AISC Manual Table 1-12, the HSS geometric properties are as follows: 


HSS8x8x!4 
B =8.00 in. 
t =0.465 in. 


The plate geometric properties are as follows: 


PLIAx51/ 
B, =5.50in. 
t, = 0.500 in. 


HSS 8x8x!% 
ASTM A500 Gr. B 


PL %x5¥% 
———~ ASTM A36 


| Pp = 10.7 kips 
P, = 32.6 kips 


Fig. 2-6. Transverse welded plate to square HSS connection. 
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Solution: 


Required strength 


From Chapter 2 in ASCE 7, the required strength is: 
LRFD ASD 


P, =1.2(10.7 kips) + 1.6(32.6 kips) P. =10.7 kips + 32.6 kips 
= 65.0 kips = 43.3 kips 


Effective weld length 
With fillet welds on both sides of the plate, from AISC Specification Section K1, the effective length, L,, is: 


Ft 
FA aan | ele ee (Spec. Eq. K1-7) 
*""l(Bin || Fat, fe? 


YP P 


= 10 46 ksi(0.465 in.) testemieseis 
~ “| (8.00 in./0.465 in.) |] 36 ksi(0.500 in.) |" 7 


= 7.60 in. <11.0 in.; therefore use L, = 7.60 in. 


Required weld size 
From AISC Specification Section J2.2a, the weld area, A,,, is: 
= L.w 
ae) 
_ 7.60 in.(w) 
= ——— 
= (5.37 in.)(w) 


The nominal weld strength, R,,, is: 
R, = F Ay (Spec. Eq. J2-3) 
=0.60F, yA, 
= 0.60(70 ksi)(5.37 in.)(w) 
= 226w kips/in. 


Comparing design or allowable strength, as appropriate, to required strength, the required weld size is determined as follows: 


LRFD ASD 
,, = 0.75 from AISC Specification Table J2.5 Q, = 2.00 from AISC Specification Table J2.5 
R 
R,2P. — 2B 
d,, n u Q, a 
0.75 (226w kipsfin.) > 65.0 kips -— 
. 226w kips/in. > 43.3 kips 
w 2 0.383 in. 2.00 
w 2 0.383 in. 


Use “%o-in. fillet welds. The welds are placed over the full width on both sides of the plate, giving a total weld length of 11 in. 
Note that the size of these welds accounts for the uneven force distribution across the width. If the total weld length were used 
in the calculation, a weld size of Vic in. would result—but would be inadequate to account for the uneven force distribution. 
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Chapter 3 
Mechanical Fasteners 


Bolting directly to HSS is difficult, due to lack of access to 
the interior of the member. ASTM A325 or A490 bolts can 
be used in a connection to an HSS wall if they are near an 
open end, or if access holes are cut in one of the other walls 
or in the bolted wall away from the connection to permit ac- 
cess for bolt installation inside the HSS. These access holes 
can be covered and sealed in a manner that reinforces the 
section and develops the original strength of the member. 
The welding of attachments to the HSS and then bolting to 
the attachments is also common. 

Alternatively, Part 7 of the AISC Manual (see “Special 
Considerations for Hollow Structural Sections”) describes 
several types of mechanical fasteners that can be used to di- 
rectly connect to the HSS wall. These include: 


¢ Through-bolts 

e Blind bolts 

e Threaded studs 

¢ Flow-drilled bolts 
e Nails 

e Screws 


Section J3.10(c) in the AISC Specification provides design 
criteria for through-bolts, and threaded studs are covered 
in Table J3.2. The materials used for these connectors must 
conform to one of the material specifications in AISC Speci- 
fication Section A3.4. 

Fasteners are loaded in shear, tension or a combination of 
both, and the conventional connection design principles cov- 
ered in the AISC Specification and Manual are applicable. In 
addition, Sections 3.1 and 3.2 cover the considerations for 


(a) A splice in a double chord truss where the bolts are loaded 
in shear, and have been installed with the aid of access holes. 


HSS walls for shear and tension applications, respectively. 
Examples of each are shown in Figure 3-1. 


3.1 FASTENERS IN SHEAR 


When the fasteners that connect directly to an HSS are 
loaded in shear, the design is essentially the same as for bolts 
that pass through a W-shape flange or web. HSS limit states 
are bolt bearing and block shear rupture if the connection 
is near the end of the HSS. Note that pin bearing strength 
equations are used instead of bolt bearing strength equations 
when through-bolting. Example 3.1 illustrates the design of 
a shear connection to an HSS column that has through-bolts 
loaded in shear. 


3.2. FASTENERS IN TENSION 


When the fasteners that connect directly to an HSS are loaded 
in tension, the design is similar to that for bolts that pass 
through a W-shape flange or web. However, two additional 
HSS limit states must be considered: pull-out through the 
wall of the HSS and distortion of the HSS wall. 

The nominal strength for pull-out of a single fastener 
through an HSS wall is given by Packer and Henderson 
(1997) as: 


r, = F(0.67d,,t) 


where d,, is the diameter of the part in contact with the inner 
surface of the HSS. A resistance factor, 0, of 0.67 for LRFD 
or a safety factor, Q, of 2.25 for ASD is recommended for 
this limit state. 


Ms. 


(b) A beam-to-column end-plate moment connection 
where the blind bolts are loaded in tension. 


Fig. 3-1. Examples of direct fastening to HSS. 
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For distortion of the HSS wall, the criteria in Section K2 of a T-connection with load assumed to act over an area that 


of the AISC Specification for chord wall plastification can circumscribes the fasteners. 

be used. These criteria are based on a distortion limit when Example 3.2 illustrates the design of a connection to 
a yield-line mechanism first forms in the HSS wall, and can an HSS column that has threaded studs loaded in tension. 
be applied to a fastener pattern transmitting a tension load Example 3.3 is similar, with bolts loaded in tension. 


to the HSS, by considering the fastener group as the branch 


3.3. BOLTED JOINT DESIGN EXAMPLES 
Example 3.1—Through-Bolts in Shear 


Given: 


Determine the required bolt length and verify the adequacy of the through-bolt connection shown in Figure 3-2, with the dead 
and live loads, Pp = 2.00 kips and P, = 4.00 kips, respectively. 


From AISC Manual Table 2-3, the material properties are as follows: 


HSS8x3x!4 
ASTM A500 Grade B 
F, = 46 ksi 
F,, =58 ksi 


L3'Ax3x!A 

ASTM A36 
F, = 36 ksi 
F,, = 58 ksi 


From AISC Manual Table 1-11, the HSS geometric properties are as follows: 


HSS8x3x'4 
H =8.00 in. 
B =3.00 in. 
t =0.233 in. P,P 
HSS 8x3x!% 
ASTM A500 Gr. B 
L 3!5x3x% 
ASTM A36 wr as 
4.00" 
(2) 54" dia. 
ASTM A325-N bolts 7 
—-| |. |— 2.00" 
= ——}— 3.50" 
8.00" 


Fig. 3-2. Through-bolt connection in shear. 
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Solution: 


Required bolt length 


The required bolt length is calculated as the grip plus the thickness of any washers used plus the allowance specified in AISC 
Manual Table 7-15. The grip is the sum of the HSS depth and the angle thickness. The grip is: 


Grip = 3.00 in. + 4 in. 
= 3.25 in. 
Assuming one washer is used under the nut, the required bolt length is: 


L= Grip + washer thickness + allowance 
= 3.25 in. + 0.177 in. + % in. 
= 4.30 in. 


Use L = 4.50 in. 


Required strength 


From Chapter 2 in ASCE 7, the required strength of the connection is: 


LRFD ASD 
P= Fi P.=P, 
= 1.2(2.00 kips) +1.6(4.00 kips) = 2.00 kips+ 4.00 kips 
= 8.80 kips = 6.00 kips 


Resultant load per bolt 


The applied load is eccentric to the centroid of the bolt group with a 4-in. bolt spacing. AISC Manual Table 7-7 could be used 
with interpolation between the values obtained for a 3-in. and 6-in. spacing. Alternatively, the elastic method described in Part 7 
of the AISC Manual can be used. The latter approach will be used here. 

The eccentric load, P,, is resolved into a direct shear, V,, acting through the center of gravity of the bolt group and a moment, 
P,,e, where e = 2.00 in. is the eccentricity. The load per bolt due to direct shear is: 


V, = P./2 


The load per bolt due to the moment is: 


PB; 
V, ere 
Ss 


__ P,(2.00 in.) 
~ 4.00 in. 
=0.5P 


The resultant load per bolt is, 


LRFD ASD 

V.= V2 4+V; Vi.=VVt+Vy 
= 0.707 P, = 0.707 P, 

= 6.22 kips = 4.24 kips 
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Bolt shear strength 


From AISC Manual Table 7-1, the bolt shear strength for a %-in.-diameter ASTM A325 bolt in single shear with threads included 
in the shear plane is compared to the resultant load per bolt as follows: 


LRFD ASD 


o,7, = 11.0 kips > 6.22 kips 0.k. 7, /Q, = 7.36 kips > 4.24 kips 0.k. 


Bearing strength 


For the bearing strength of the HSS wall and the angle, the grip is not restrained against expansion because of the through-bolt 
configuration. Therefore, as required in AISC Specification Section J3.10(c), the bearing strength should be checked using the 
provisions for pins in Section J7 of the AISC Specification. 


For the HSS wall, 


R, =18FA, 
n yp 
= 1.8F, td, 
= 1.8(46 ksi)(0.233 in.)(% in.) 
= 12.1 kips 
LRFD ASD 
o =0.75 O = 2,00 
oR, = 0.75(12.1 kips) R, _ 12.1 kips 
= 9.08 kips>6.22kips ok. = . . 
= 6.05 kips > 4.24 kips 0.k. 
For the angle, 
R, =1.8F,A,s 
= 1.8Fy\td 
= 1.8(36 ksi)(% in.)(% in.) 
= 10.1 kips 
LRFD ASD 
¢ =0.75 QO =2.00 
oR, = 0.75(10.1 kips) Ry _ 10.1 kips 
= 7.58 kips>6.22kips ok. Q 2.00 
= 5.05 kips > 4.24 kips 0.k. 


Note: a complete design of this connection will also include checks of the angle gross and net section and block shear rupture 
strength. These checks are omitted for brevity in this example. 


Example 3.2—Threaded Studs in Tension 


Given: 


Verify the adequacy of the connection shown in Figure 3-3. The connection consists of three 12-in.-diameter threaded studs 
welded to the HSS spaced 2 in. apart. Assume that the channel web thickness is sufficient to prevent any reduction in the stud 
strength due to prying action. The total dead and live loads are Pp = 3.00 kips and P; = 9.00 kips, respectively. Assume that there 
is no axial load in the HSS. 
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From AISC Manual Table 2-3, the material properties are as follows: 


HSS8x8x¥% 
ASTM A500 Grade B 
F, = 46 ksi 
F,,= 58 ksi 
For the '4-in. studs, the material is ASTM A307 with F,, = 60 ksi. 
From AISC Manual Tables 1-12, the HSS geometric properties are as follows: 


HSS8x8x% 
B =8.00 in. 
H = 8.00 in. 
t =0.581 in. 


Solution: 


Required strength 


From Chapter 2 in ASCE 7, the required strength of the connection is: 


LRFD ASD 
P, = 1.2(3.00 kips)+ 1.6(9.00 kips) P_ =3.00 kips+ 9.00 kips 
= 18.0 kips = 12.0 kips 


Tension strength of the three studs 
From AISC Specification Section J3.6 and Table J3.2 (threaded parts), the nominal tension strength of each stud is: 
ty = FuAs (Spec. Eq. J3-1) 
nd” 


=0.75F, 


(4) 
= 0.75(60 ksi) —— 
= 8.84 kips 


HSS 8x8x% 
ASTM A500 Gr. B 
(3) A" dia. 


— 
ASTM A307 studs Pp /2, P, /2 


Channel 
—-P)/2, P, /2 


Fig. 3-3. Threaded stud-to-HSS connection in tension. 
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For three studs, the available tensile strength is: 


LRFD ASD 
6 =0.75 Q = 2.00 
R r, 
R, = 3( Or, ee Be 

OR, = 3( Or) | ee) 

= 3(0.75)(8.84 kips) 3(8.84 kips) 

= 19.9 kips > 18.0 kips 0.k. ~~ 9500 

= 13.3 kips > 12.0 kips 0.k. 


Stud pull-out strength 


For pull-out of a single stud due to tension, the approach given in Section 3.2 can be adapted. There is no fastener head in contact 
with the inner surface, and pull-out is due to shear through the HSS wall resulting from the tension through the weld around the 
stud perimeter; d,, can be taken as the diameter of the stud in this case. The pull-out strength of each stud is, 


1, = F,,0.61d,,t 
= (58 ksi)(0.67)(‘% in.)(0.581 in.) 
= 31.8 kips 
For three studs, the available tensile strength is: 
LRFD ASD 
= 0.67 Q = 2.25 
OR, = 3(¢r,) q -3(3 
a a Q Q 
= 3(0.67)(31.8 kips) 3(31.8 kips) 
= 63.9 kips > 18.0 kips o.k. = 995. 
= 42.4 kips > 12.0 kips o.k. 


HSS wall distortion strength (plastification) 


For the HSS wall distortion strength, the approach given in Section 3.2 can be used. The yield-line criterion for 
T-connections in the AISC Specification Section K2.3b and Equation K2-13 is used with the yield-line pattern shown in Figure 
C-K2.3(a) of the AISC Specification Commentary and Figure 8-2(a) in this Design Guide. 

The effective dimensions of the “solid branch,” as shown in Figure 3-4 are: 


V2 in, 
B, = 2(2.00 in)+2( > 


= 4.50 in. 


H,= stud diameter 


=A in. 


Equation K2-13 of the AISC Specification is a general yield-line solution and is deemed applicable for situations where B < 0.85 
In this case, 
B, 


a 
= 0.563< 0.85 ok. 
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Additional limits on the connection configuration provided in Section K2.3a of the AISC Specification are: 


B _ 8.00in. 
t  0.581in. 

=13.8<35 ok. 
F,=46 ksi<52 ksi o.k. 
Fy 46ksi 
F, 58ksi 


= 0.793 <0.8  0.k. 


From AISC Specification Equation K2-13, with Q;= 1.0 because there is no axial load in the HSS: 


A, 
1B 
_ Win. 
8.00 in. 
= 0.0625 
pmooe?|—™ 4" \9, (Spec. Eq. K2-13) 
(1-B) Ji-B 
2| 2(0.0625) 4 1.0 
P, = 46 ksi(0.581 in. + 
( ) Fe 0.563) 1-0.563 | sin90° 
= 98.4 kips 
The available strength of the connection for the limit state of HSS wall distortion (plastification) is: 
LRFD ASD 
= 1.00 Q =1.50 
P, = 1.00(98.4 kips) R, _ 98.4 kips 
=98.4 kips>18.0 kips ok. Q 1.50 
= 65.6 kips > 12.0 kips 0.k. 


Note: A complete design of this connection will also include a check of the channel web in flexure. This check is omitted. 


8.00" 
| 


yo" | |_2.00"_|__ 2.00" 
B, = 4.50" 


Lesa V4" 


Fig. 3-4. Yield line pattern of tension branch. 
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EXAMPLE 3.3—BOLTS IN TENSION 


Given: 


Determine the available tensile strength, T., of the WT5x22.5 made from ASTM A992 material bolted to an SAW18x18x% box 
section made from ASTM A572 Grade 50 material as shown in Figure 3-5. The bolts are %-in.-diameter ASTM A325 bolts in 
standard holes. Note that the design thickness for SAW box sections is the actual wall thickness of the member. 


(a) Solve the problem assuming prying action does not limit the strength of the joint. 
(b) Determine how prying action impacts the strength of the joint determined in Solution (a). 


From AISC Manual Table 2-3, the material properties are as follows: 


SAW18x18x%% box 
ASTM A572 Grade 50 
F, = 50 ksi 
F,,= 65 ksi 


WT5x22.5 
ASTM A992 
F, = 50 ksi 
F, = 65 ksi 


From manufacturer’s literature and AISC Manual Table 1-8, the box section and WT geometric properties are as follows: 


SAW18x18x% box 
B= 18.0 in. 

H= 18.0 in. 

t= 0.625 in. 
A=41.4 in? 


WT5x22.5 

t, = 0.350 in. 
by= 8.02 in. 
t= 0.620 in. 


Reinforced 


access hole 


Pp = 200 kips 
P, = 200 kips 


(4) 56" dia. 
ASTM A325-N bolts 


SAW 18x18x% 


Pp = 200 kips 
P, =200 kips 


Fig. 3-5. Bolted WT to SAW box section connection in tension. 
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The connection has %-in.-diameter ASTM A563 nuts inside the box section. From AISC Manual Table 7-15, the width across 
flats, W= 1%o in. The gage, g = 5.50 in. 


Solution (a): 


Bolt tensile strength 


From AISC Manual Table 7-2 (which is based upon AISC Specification Section J3.6), the available tensile strength per bolt for 
the limit state of tensile rupture, without consideration of prying action, is: 


LRFD ASD 
or, = 20.7 kips + ~ 13.8 kips 
re) : 
For th f four bolts: 
Ete nen For the group of four bolts: 

T. =4(or,) Th 

= 4(20.7 kips) mz =4(g) 

ery = 4(13.8 kips) 

= 82.8 kips = 55 9 ips 


Bolt pull-out strength 


For pull-out of a single bolt due to tension, the approach given in Section 3.2 can be adapted. In this case, d,, can be taken as the 
width of the nut, W. The pull-out strength of each bolt is: 


r, = F,(0.6nd,t) 
= (65 ksi)(0.67)(1% in.)(0.625 in.) 
= 81.4 kips 


For four bolts, the available strength is: 


LRFD ASD 
= 067 G=335 

a - 
T, =4(r,) T.=4(5) 

= 4(0.67)(81.4 kips) -«(2 xe) 

. 295 
= 218 kips 
= 145 kips 


HSS wall distortion strength (plastification) 


For the HSS wall distortion strength, the approach given in Section 3.2 can be used by considering the loaded block of area on 
the HSS connecting face bounded by the four point loads (bolts in tension). The yield line criterion for T-connections is given 
in AISC Specification Section K2.3b. Equation K2-13 of the AISC Specification is a general yield-line solution that is deemed 
applicable for situations where B < 0.85. Conservatively, use B, = 5.50 in. and H, = 6.00 in. In this case, 


_ 5.50in. 
18.0in. 
= 0.306<0.85 ok. 
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Additional limits on the connection configuration provided in Section K2.3a of the AISC Specification are: 


B 18.0in. 
+ 0.625in. 
=28.8<35 ok 
F, =50 ksi<52 ksi o.k. 
Fy _ 50ksi 
F, 65ksi 
=0.769<08 ok. 


OQ; =1.3- 045 < 1.0 for chord (connecting surface) in compression 


where 

P.M, 
——+ 
AF. SF. 


From Chapter 2 in ASCE 7, the required axial strength, P,,, is: 


(Spec. Eq. K2-10) 


(Spec. Eq. K2-12) 


LRFD ASD 
F, = P, ia = By 
= 1.2(200 kips) + 1.6(200 kips) = 200 kips + 200 kips 
= 560 kips = 400 kips 
Because there is no moment in the column, M,.= 0. 
LRFD ASD 
F.=F, F,=0.6F, 
=50 ksi = 30.0 ksi 
560 kips 400 kips 
yd + 0 = . 2 . 
41.4 in.” (50 ksi) 41.4 in.” (30.0 ksi) 
= 0.271 = 0.322 
0.271 0.322 
=1,3-04| —— =13-0.4| —= 
er fea ei [2222] 
= 0.946 = 0.879 


The nominal strength is determined from, 


Bande? |" 4 * Io. 

" {(-B) Ji-B]~ 
where 

_ A, 

3 

_ 6.00 in. 

~ 18.0in. 

= 0.333 
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(Spec. Eq. K2-13) 


The available strength for the limit state of HSS wall distortion (plastification) is: 


LRFD ASD 
ow Q= 1.50 
o=1. | - P, = 50 ksi(0.625 in.) 
P, = 50 ksi(0.625 in.) 2(0.333) 4 |0.879 
x + 
7 2(0.333) ___4 0.946 (1- 0.306) /1—0.306 | sin 90° 
(1- 0.306) i= 0.306 | sin 90 = 98.9 kips 
= 106 kips P, 
T. =6P, o= a 
=1.00(106 kips) — 98.9 kips 
= 106 kips = 65 ee 


Thus, the bolt strength governs with the available tensile strength, T. = 82.8 kips for LRFD, and T, = 55.2 kips for ASD. 


Solution (b): 


In Solution (a) it was determined that bolt tensile strength governed. For the calculated available strengths to be valid, the tee 
flange thickness must satisfy the minimum thickness required to eliminate prying action (see page 9-10 in the AISC Manual) at 
a load equal to the calculated bolt tension strength. 


b = distance from bolt centerline to face of tee web, in. 


ee Soe 
2 
— 5.50 in. — 0.350 in. 
2 
= 2.58 in. 
b'= distance from face of bolt to face of tee web, in. 
2. 
5p 5 
935i 
2 
= 2.27 in. 


The tributary width, p, is: 
— 8 in. 
= 
= 4.00 in. 


According to page 9-11 of the AISC Manual, p should preferably not exceed the gage, g, equal to 5.50 in. in this case. This limit 
is larger and therefore does not control in this case. 


Using the bolt tensile strength, the thickness required to eliminate prying action (with the bolt available strength equal to 
or, = 20.7 kips for LRFD and r,,/Q = 13.8 kips for ASD) is: 
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LRFD ASD 


_ [444(or.) 0" _ |6.66(r, /Q)b’ 

ee" DE an 
_ [4.44(20.7 kips) (2.27 in.) _ [6.66(13.8 kips) (2.27 in.) 
7 4.00 in. (65 ksi) 7 4.00 in.(65 ksi) 


= 0.896 in. = 0.896 in. 


Because f,,i. > ty, prying action does reduce the strength of the bolts and therefore must be considered. Using the procedure 
provided on page 9-12 of the AISC Manual for the calculation of Q: 


t, = bnin 
= 0.896 in. 
d= dh 


= !/o in. 


— 8.02 in. — 5.50 in. 
2 


= 1.26 in. 


d d 
a=at+—<1.25p+— 
2 o 


¥% in. 
2 


: Ye i 
1.26 in. + — < 1.25(2.58 in.) + 


1.57 in. < 3.54 in. 


Therefore, a'= 1.57 in. 
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iar) (: ) 


7 1 0.896in. ) 
0.828(1+ 1.45) \ 0.620in. 


= 0.537 


WithO<a’<1: 


O= (#) 5a’) 


c 


2 
_ (0.620in. 
= fe [ 1+ 0.828(0.537) | 


= 0.692 


Thus, for all four bolts: 


LRFD ASD 
OR, = 4(r)0 R (Jo 
= 4 (20.7 kips) (0.692) ae ee 
= 573 kips = 4(13.8kips)(0.692) 
= 38.2 kips 


Comparing to Solution (a), prying action reduces the available strength by approximately 30%. 


AISC DESIGN GUIDE 24 / HOLLOW STRUCTURAL SECTION CONNECTIONS / 27 


28 / HOLLOW STRUCTURAL SECTION CONNECTIONS / AISC DESIGN GUIDE 24 


Chapter 4 
Moment Connections 


4.1 W-BEAMS TO HSS COLUMNS 


Contemporary information concerning moment connections 
to HSS columns is limited in literature, although some rec- 
ommendations appear in design guides such as by Packer and 
Henderson (1997) and Kurobane et al. (2004). Part 12 of the 
AISC Manual discusses seven types of these connections: 


¢ HSS through-plate flange-plated 

¢ HSS cut-out plate flange-plated 

e HSS directly welded 

e HSS end plate 

¢ HSS above and below continuous beams 

¢ HSS welded tee flange 

e HSS diaphragm plate 

As with this entire Design Guide, the scope is restricted 
to nonseismic applications. Note that HSS-to-HSS moment 
connections are covered in Chapter 9 of this Design Guide. 

The best configuration for a particular application depends 
on four factors: 


1. The magnitude of the moment that must be transferred 
to the HSS 

2. The magnitude of the moment that must be transferred 
through the HSS 

3. The magnitude of the axial force in the HSS 

4. The requirements for orthogonal framing 


The detail of the connection must accommodate mill 
tolerances of the W-beam. These include variations in the 


—" 


Stiffener \ 


Joist 


M4 


Cap 
plate Jit 
[a HSS = 
= vt 
(a) (b) 


depth and tilt of the flanges. Shimming in the field with con- 
ventional shims or finger shims is the most commonly used 
method. The examples in this chapter illustrate the limit 
states that must be considered in design. 


4.2 CONTINUOUS BEAM OVER HSS COLUMN 


A continuous beam over an HSS column, as shown in 
Figure 4-1, is a very efficient connection for single-story con- 
struction. However, there is an important stability issue that 
must be considered. In this type of construction, the beam is 
braced only at the top flange. Therefore, out-of-plane motion 
at the top of the HSS is restrained only by the relatively weak 
flexural stiffness of the beam web, greatly increasing the ef- 
fective length of the column. 

The restraint to this motion must be increased by adding 
stiffeners to the web, as in Figure 4-1(a), or by using a bot- 
tom chord extension to the joist supported by the beam at 
the connection as in Figure 4-1(b), or both, as illustrated in 
Figure 4-1(c). The stiffener in (a) can also be used as the 
orthogonal framing connection. See the AISC Manual Part 
2 for additional information and details for beams framing 
continuously over columns. 

AISC Manual CD Companion Example K.11 (AISC, 
2005c) is a continuous beam over an HSS column, but only 
the limit states associated with a concentrated load on the 
end of an HSS are evaluated. Example 4.1 in Section 4.5 
examines all the limit states. 


(c) 


Fig. 4-1. Beam over HSS column connection. 
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4.33 THROUGH-PLATE CONNECTIONS 


If the required moment transfer to the column is larger than 
can be provided by a bolted base plate or cap plate, or if the 
HSS width is larger than that of the W-shape beam, a through- 
plate fully-restrained (FR) connection can be used. Example 
4.2 shows a calculation for a through-plate connection. 


4.4 DIRECTLY WELDED CONNECTIONS 


Some moment transfer can be achieved by welding the flanges 
of the W-shape directly to the wall of the HSS column as 
shown in Figure 4-2. The single-plate connection transfers all 
of the shear force and facilitates erection of the beam. These 
connections may be capable of developing the full flexural 
strength of the HSS (depending primarily on the beam width 
relative to the HSS column width). The full flexural strength 
of the W-shape, however, is seldom achievable. 


vA 


The strength of the flanges in tension and compression 
are calculated by considering them as transverse plates act- 
ing on the face of the HSS column. To obtain the maximum 
efficiency, the HSS should be thick, and the beam flange 
width should be close to the flat width of the HSS, estimated 
as B — 3t. 

The limit states that must be considered in AISC Specifi- 
cation Section K1.3b are local yielding of the beam flange 
due to uneven load distribution, HSS shear yielding (punch- 
ing), sidewall tension, and sidewall compression failure. 
However, shear yielding only needs to be checked for certain 
flange widths and the sidewall limit states only apply when 
the flange and HSS widths are the same. This is also tabu- 
lated in Table 7-2 of this Design Guide. Example 4.3 shows 
a calculation for a directly welded connection. 


Shear plate 


£e 


LZZ 


Fig. 4-2. Directly welded connection. 
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4.5 CONNECTION DESIGN EXAMPLES 
Example 4.1—Beam over HSS Column Connection 


Given: 


Verify the adequacy of the connection shown in Figure 4-3, between a two-span W18x40 beam supported by an HSS8x8x!4 
column. The column axial dead and live loads are Pp = 7.50 kips and P; = 22.5 kips, respectively. The moment transferred across 
the beam-to-column interface consists of dead and live load moments of Mp = 4.50 kip-ft and M, = 13.5 kip-ft, respectively. 


From AISC Manual Tables 2-3 and 2-4, the material properties are as follows: 


HSS8x8x!4 
ASTM A500 Grade B 
F, = 46 ksi 
F,, =58 ksi 


W18x40 
ASTM A992 
F, =50 ksi 
F, = 65 ksi 


Cap plate 

ASTM A36 
F,, = 36 ksi 
Fy = 58 ksi 


From AISC Manual Table 1-12, the HSS geometric properties are as follows: 


HSS8x8x!4 

H =8.00 in. 
B =8.00 in. 
t =0.233 in. 


W18x40 
ASTM A992 


Stiffener —-————_ 


rg a (4) %" dia. 


ASTM A325-N bolts 


HSS 8x8x% 
ASTM As00 Gr. B 


(a) (b) 


Fig. 4-3. W-beam over HSS column connection. 
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From AISC Manual Table 1-1, the W-shape geometric properties are as follows: 


W18x40 

d =17.9in. 
ty = 0.315 in. 
ty = 0.525 in. 
k =0.927 in. 
k= "%o in. 


The gage, g, is 3.50 in. for the W18x40. 


The geometric properties of the cap plate and bolts are as follows: 


Cap plate 

length = 14.0 in. 
width = 9.00 in. 
ts = 0.500 in. 


ASTM A325 bolts 
d, = “in. 
Solution: 


From Chapter 2 of ASCE 7, the required strength is: 


LRFD 


ASD 


P, = 1.2(7.50 kips) + 1.6(22.5 kips) 
= 45.0 kips 

M, =1.2(4.50 kip-ft) + 1.6(13.5 kip-ft) 
= 27.0 kip-ft 


P, = 7.50 kips+ 22.5 kips 
= 30.0 kips 
M, =4.50 kip-ft+ 13.5 kip-ft 
= 18.0 kip-ft 


Tensile load in bolt 


Calculate the bolt tension, 7,, assuming that the compression force, C,, acts at the face of the column as shown in Figure 4-3(a). 


From the summation of forces and moments with C, = C, and T, = T, for LRFD, and C, = C, and T, = T, for ASD, the required 


bolt tension is determined as follows: 


M, = 27.0 kip-ft(12 in./ft) 
= 324 kip-in. 
8.00 in. , 11.0 in (or) 
2 2 


M 


324 kip-in. = 4.00 in.(45.0 kips +27, ) +5.50 in.(27,) 
2T, = 15.2 kips on 2 bolts 


T= 15.2 kips 


u 


= 7.60 kips/bolt 


LRFD ASD 
C.=Cs T= 7, C=Cs hat 
P, = 45.0 kips P, =30.0 kips 
=C, -2T, =C, -2T, 


M, = 18.0 kip-ft(12 in./ft) 


= 216 kip-in. 
Vix a in. C+ in. (27,) 


216 kip-in. = 4.00 in.(30.0 kips + 27;) + 5.50 in.(2T7,) 
2T,, = 10.1 kips on 2 bolts 
_ 10.1 kips 


2 
= 5.05 kips/bolt 


T, 


a 
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Effect of prying action—W-shape flange 
Check the flange thickness for prying action per Part 9 of the AISC Manual. 
Using Figure 4-3(b): 
b = distance from bolt centerline to face of beam web 
=(g-1,)/2 
= (3.50 in.- 0.315 in.)/2 
= 1.59 in. 


b’ = distance from face of bolt to face of web 


= d, 
eS By 
ae 
= 0G 
2 
= 1,22 in 


p = tributary length per pair of bolts in the perpendicular direction, which should preferably not exceed the gage 
between the pair of bolts, g 
ao 
= 3.50 in. 


The following is a simplified check provided in Part 9 of the AISC Manual based upon the “no prying action” equation. 


LRFD ASD 
cas [4.447,b’  - [9:66%b" 
“ Pi, m PF, 
7 (Es kips/bolt)(1.22 in.) 7 as kips/bolt) (1.22 in.) 
7 3.50 in.(65 ksi) 7 3.50 in.(65 ksi) 
= 0.425 in. = 0.425 in. 
0.425 in. < 0.525 in. ok. 0.425 in. < 0.525 in. ok. 


Because fi, < t;, there is no prying action in the beam flange. 


Effect of prying action—cap plate 
Check the cap plate thickness for prying action per Part 9 of the AISC Manual. 
Using Figure 4-3(a): 
b = distance from bolt centerline to face of HSS 
=(11.0 in.—8.00 in.)/2 
= 1.50 in. 


b’ = distance from face of bolt to face of HSS 
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p = tributary length per pair of bolts in the perpendicular direction, which should preferably not exceed the gage 
between the pair of bolts, g 
= half the cap plate width 
9.00 in. 
= 2 
= 4.50 in. 


Use p = 4.50 in. 


The gage limitation given on page 9-11 of the AISC Manual does not apply to this configuration because with bending checked 
at the face of the HSS, and the “gage” being interrupted by the HSS, an artificially large value of g results. 


The following is a simplified check provided in Part 9 of the AISC Manual based upon the “no prying action” equation. 


LRFD ASD 
, - fasne’ [6:667.b. 
PE» "ON Fy 
7 pats kips/bolt)(1.13 in.) _ [6.66(5.05 kips/bolt)(1.13 in.) 
7 4.50 in.(58 ksi) ma 4.50 in.(58 ksi) 
= 0.382 in. = 0.382 in. 
0.382 in. < 0.500 in. o.k. 0.382 in. < 0.500 in. o.k. 


Because f,,:. < t,, there is no prying action in the cap plate. 


Bolt available tensile strength 


Because there is no prying action, the required strength of the bolt is 7, (7, for LRFD and T, for ASD). The available tensile 
strength, or, and r,/Q, of a %4-in.-diameter ASTM A325 bolt is given in AISC Manual Table 7-2. 


LRFD ASD 
or, 2 T, = 7.60 kips/bolt i /2 > T, =5.05 kips/bolt 
or, = 29.8 kips/bolt ty /2 = 19.9 kips/bolt 
29.8 kips > 7.60 kips 0.k. 19.9 kips > 5.05 kips 0.k. 


Beam web local yielding 


The limit state of beam web local yielding is checked as follows. 
Determine the compression force, C,, where C,.= C,, for LRFD and C,.= C, for ASD. 


LRFD ASD 
C, =P, +2T, C, = P, +27, 
= 45.0 kips + 2(7.60 kips/bolt) = 30.0 kips + 2(5.05 kips/bolt) 
= 60.2 kips = 40.1 kips 


Assume a 2.5:1 dispersion slope or 21.8° dispersion angle of the load from the HSS wall through the cap plate. From the AISC 
Specification Commentary Section K1.6: 


N =t+5t, 
= 0.233 in. + 5(0.500 in.) 
3273 in: 
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B= 
= 50 ksi 
From AISC Specification Section J10.2, 
R, =[5k +N] Fty 
=[5(0.927 in.) + 2.73 in. ](50 ksi)(0.315 in.) 


(Spec. Eq. J10-2) 


= 116 kips 
LRFD ASD 
$= 1.00 Q=1.50 
oR, = 1.00(116 kips) = 116 kips R,/Q= ete = 77.3 kips 
116 kips > 60.2 kips o.k. 773 kips> 40.1 ‘Gps aie 


Beam web crippling 


Check the limit state of beam web crippling using AISC Specification Section J10.3 and the following equation. 


R, = 0.8012] 1+ | 


t 


w 


; . EF,,,t 
—— (Spec. Eq. J10-4) 


Using AISC Manual Table 9-4, this equation can be simplified as follows: 


LRFD 


ASD 


For N/d = 2.73 in. /17.9 in. = 0.153 < 0.2: 

oR, = 2[ OR, + NOR, | 

oR; = 46.3 kips 

OR, = 3.60 kips/in. 

OR, = 2[ 46.3 kips + 2.73 in.(3.60 kips/in.) | 
=112 kips 

112 kips > 60.2 kips o.k. 


For N/d = 2.73 in. /17.9 in. = 0.153 < 0.2: 
R,/Q=2[ R/Q+N R,/Q] 

R, /Q = 30.9 kips 

R, /Q= 2.40 kips/n. 

R,/Q= 2[ 30.9 kips + 2.73 in.(2.40 kips/in.) | 


= 74.9 kips 
74.9 kips > 40.1 kips 0.k. 


Note that if the total axial force were applied at the beam top flange over the connection, web compression buckling (AISC Speci- 
fication Section J10.5) would also be checked to determine if a stiffener is required over the HSS wall. 


HSS wall strength 


The compression force in the HSS wall may not be uniformly distributed over the entire HSS wall width due to shear lag. This 
phenomenon is also discussed in Section 7.4 of this Design Guide. Assume that the force in the beam web disperses at a slope of 


2.5:1 (or 21.8°). From Carden et al. (2008): 
N = 2k, +5t; 
= 2('%o in.) + 5(0.525 in.) 
= 4.25 in. 
From AISC Specification Section K1.6: 
5t, + N = 5(0.500 in.) +4.25 in. 
= 6.75 in. < B= 8.00 in. 
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Because (5t, + N) < B, the available strength of the HSS is normally computed by summing the contributions of the two walls into 
which the load is distributed. However, in this example, only one wall is subjected to the compression load, C,. 


HSS wall local yielding 


Check the limit state of HSS wall local yielding using the following equation from AISC Specification Section K1.6(i). 
(Table 7-2 of this Design Guide provides the equation for two walls.) For one wall: 


R, = Ft| St, +N] < BR (Spec. Eq. K1-11) 
= 46 ksi(0.233 in.)[ 5(0.500 in.) + 4.25 in. ]< 8.00 in.(46 ksi)(0.233 in.) 
= 72.3 kips < 85.7 kips 


The available strength is, 


LRFD ASD 
on Q = 1.50 
oR, = 1.00(72.3 kips) dle 72.3 kips 
= 72.3 kips 1.50 
72.3 kips > 60.2 kips o.k. = 48.2 kips 
48.2 kips > 40.1 kips 0.k. 


HSS wall local crippling 


Check the limit state of HSS wall local crippling using the following equation from AISC Specification Section K1.6(ii) and 
Table 7-2. 


1.5 
EF.1, 
R, = 0.8002] 1+ w+) ,| ~ (Spec. Eq. K1-12) 
Pp 


(4.25 in.) (0.233 in.) | |(29,000 ksi)(46 ksi) (0.500 in.) 
8.00 in. (0.500 in. 0.233 in. 


yi}, 6 
= 0.80(0.233 in.) c 
= 148 kips 


The available strength is: 


LRFD ASD 
= 0.75 Q = 2.00 
: 148 kips 
oR, = 0.75(148 kips Rigs ees 
=111 : | oe 
a aa = 74.0 kips 
PIS ips 20-2 Eis ods 74.0 kips > 40.1 kips ok. 


Weld size between the HSS and cap plate 


Assuming a 45° maximum load dispersion angle, the weld of the cap plate to the HSS can be checked by evaluating a load per 
inch of the lesser of 7,/g or T,/(d, + 2b), where b is the distance from the bolt center to the face of the HSS. If 2g or 2(d, + 2b) 
exceeds the width of the HSS, B, the weld should be checked for 27/B. 

Check if 2g < B and 2(d, + 2b) < B: 


2g<B 

2(3.50 in.) = 7.00 in. < 8.00 in. ok. 

2(d, + 2b) < B 

2[ % in. +2(11.0 in.-8.00 in.)/2]=7.50 in.<8.00 in. ok, 
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Determine the greater of T,/g¢ or T,/(d, + 2b): 


LRED ASD 
With 7, = T, With T. = T, 
T, 7.60 kips T _ 5.05 kips 
§ 3.50 in. g 3.50 in. 
= 2.17 kips/in. = 1.44 kips/in. 
Li 7.60 kips Te 5.05 kips 
d,+2b  % in.+2(11.0 in. - 8.00 in.) d,+2b  % in.+2(11.0 in. — 8.00 in.) 
= 1.13 kips/in. = 0.748 kips/in. 
Use T,/g in the weld size determination. Use T,/(d, + 2b) in the weld size determination. 


Using the procedure given in the AISC Manual Part 8, determine the weld size required. 


LRFD ASD 
oR, =1.392D1 = = 0.928D1 
ae RK, oT 
i g ae 
Ql g 
7.60 kips : 
1.392D 2 350 in 0.928D > 5.05 Eps 
3.50 in 


D =1.56 sixteenths-of-an-inch 


D2=1.55 sixteenths-of-an-inch 
Use -in. minimum weld size with 70-ksi filler metal. 


Use '-in. minimum weld size with 70-ksi filler metal. 


Example 4.2—Through-Plate Connection 


Given: 


Design a through-plate connection as shown in Figure 4-4. Use 1-in.-diameter A325-N bolts in standard holes and 70-ksi filler 


metal. The applied dead and live loads are shown in Figure 4-4. The loads on the two beams can be reversed; therefore, the con- 
nection should be symmetric. 


1.00" dia. 
ASTM A325-N —— 
bolts 


Mrcoon 1 Bs op = 48.0 kips 
Py top = 144 kips 


Mb right = 60.0 kip-ft 


\ M right = 180 kip-ft 


gs 


Mp lett = 60.0 kip-ft 


ASTM A36 plate 


W16x57 
ASTM A992 


Vo n= 8.00 kips | 4 


ASTM A36 plate / 


Vo right = 8.00 kips 


vie right = 24.0 kips HSS20x12x% 


~ ASTM A500 
e Gr.B 
tp thick | 20.0" | 
P, conn 
N_f M, conn 


Fig. 4-4. Through-plate moment connection. 
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From AISC Manual Tables 2-3 and 2-4, the material properties are as follows: 


HSS20x12x'4 
ASTM A500 Grade B 
F, = 46 ksi 

F,,=58 ksi 


Plates 

ASTM A36 
Fy, = 36 ksi 
Fy =58 ksi 


W16x57 
ASTM A992 
F, = 50 ksi 
F, = 65 ksi 


From AISC Manual Table 1-11, the HSS geometric properties are as follows: 
HSS20x12x'4 
B = 12.0 in. 
H = 20.0 in. 
t =0.465 in. 


From AISC Manual Table 1-1, the W-shape geometric properties are as follows: 


W16x57 

by =7.12 in. 
d =164 in. 
t =0.715 in. 
g =3%in. 


Solution: 


From Chapter 2 of ASCE 7, the required strengths are: 


LRED ASD 
Viren = 1.2(8.00 kips) V.,  =8.00 kips 
= 9.60 kips 
V, ign = 1.2(8.00 kips) + 1.6(24.0 kips) Vi sem = 8.00 kips + 24.0 kips 
= 48.0 kips = 32.0 kips 
Mya =1.2(60.0 kip-ft) Min = 60.0 kip-ft 
= 72.0 kip-ft 
M, right = 60.0 kip-ft so 180 kip-ft 
M, an = 1.2(60.0 kip-ft) + 1.6(180 kip-ft) : 
: = 240 kip-ft 
anc P.p = 48.0 kips + 144 kips 
Pyp = 1.2(48.0 kips) + 1.6(144 kips) = 192 kips 
= 288 kips 
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The required axial and flexural strength for connection equilibrium is determined as follows: 


LRFD ASD 


», F, =9.60 kips + 48.0 kips + 288 kips — Peon > F = 8.00 kips + 32.0 kips+192 kips— P 
=0 


=0 
Picom = 346 kips P= 232 laps 


LRFD ASD 


> M, = 240 kip-ft = 60.0 kip-ft _ 2M acon 


YM, = 360 kip-ft— 72.0 kip-ft— 2M com 


(32.0 kips — 8.00 kips) 


(20.0 in./2) 
++——_“(48.0 kips — 9.60 kips) 
12 in./ft 12 in./ft 
MM icc = 160 kip-ft M geo = 100 kip-ft 


Use a plate width of 14.0 in. to permit fillet welding to the HSS. 
To begin, use a plate thickness equal to the beam flange thickness (t, = t;) to determine the approximate maximum force in the 


plate, R, and R,. 


LRFD ASD 


(d+ t,)R, = Mo sign 
(16.4 in.+ 0.715 in.) R, ~ 240 kip-ft(12 in./ft) 
R, =~ 168 kips 


(d+1,)R, = M, sight 
(16.4 in.+ 0.715 in.) R, ~ 360 kip-ft(12 in./ft) 
R,, = 252 kips 


Tensile yielding of through-plate 
Using AISC Specification Section J4.1(a), determine the through-plate thickness, ¢,, based on tensile yielding. The force in the 


plate, R, and R,, can then be determined. 
LRED ASD 
= 0.90 Q=1.67 
R, R 
A, =—- ——_ A, = a 
oF, * F,/Q 
_ 252 kips _ 168 kips 
0.90(36 ksi) 36 ksi/1.67 
= 7.78 in? = 7.79 in’ 
be 278 in.’ bw 279 in.’ 
? 14.0 in. ? 14.0 in. 
= 0.556 in. = 0.556 in. 
Use t, = % in. Use t, = % in. 
(d+t, )R, = M, sight (d+1,)R, = M, ign 
(16.4 in. +% in.) R, = 360 kip-ft(12 in./tt) (16.4 in.+% in.) R, = 240 kip-ft(12 in./ft) 
R, = 254 kips R, = 169 kips 
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Tensile rupture of through-plate 


Using the plate thickness determined above, check the limit state of tensile rupture of the through plate. Note that the plate is 
treated as a splice plate. From AISC Specification Section J4.1(b), the available strength for this limit state can be determined as 
follows: 


(Spec. Eq. J4-2) 


A, = A, - 2(d, +s in.)t, 
= 8.75 in.” — 2(1'/6 in. + Yio in.) (0.625 in.) 
= 7.34 in? 
A, = A, $0.85A, 
= 0.85(8.75 in.”) 
=7.44 in? 
Therefore, use A, = 7.34 in.” 


R, = 58 ksi (7.34 in’) 


= 426 kips 
LRFD ASD 
foe Q =200 
R, = 0.75(426 kips) R, _ 426 kips 
o n — Ue ( [ps a faa 
Bes = 213 kips 
320 kips > 254 kips o.k. 213 kips > 169 kips a 


Compressive yielding and buckling of through-plate 
Using AISC Manual Table 17-27, calculate the radius of gyration of the plate: 


¥ in. 


V12 


= 0.180 in. 


Determine the equation for the nominal compressive strength, P,,, from AISC Specification Section J4.4. Use a bolt spacing, s, of 
3.00 in. for ZL and a distance of 3.00 in. from the first bolt to the face of the HSS. 


ae 1.00 (3.00 in.) 
0.180 


=16.7<25 
Therefore, use P, = FA, 


This check is the same as the tension yield check and is 0.k. Use a PL¥sx14 for the through-plate. 
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Bolt shear rupture 


From AISC Manual Table 7-1, the available shear strength per bolt, based on the limit state of shear rupture, is: 


LRFD ASD 
6,7, = 28.3 kips —»_ = 18.8 kips 
The required number of bolts, 7, is: Q, 
R The required number of bolts, 7, is: 
n=— R 
OS, n= 6 
_ 254 kips ry [Q, . 
28.3 kips = AS ISDS 
~8.98 18.8 kips 
= 8.99 


Try two rows of five bolts on each side of the HSS with 3.00-in. spacing, 3.00 in. from the HSS to the first bolt, and 1%/-in. edge 


distance per AISC Specification Section J3.4. 


Bearing on the plate 


Use the following equation from AISC Specification Section J3.10(a)(), when deformation at the bolt hole at service load is a 


design consideration. 
R, =1.2L,tk, <2.4dtF, 


F, = Fis 
= 58 ksi 
t = t, 
= 0.625 in. 
For the end bolts 
L, =1% in.- 1% in./2 
= 1.22 in. 


R, = 1.2(1.22 in.)(% in.)(58 ksi) 
= 53.1 kips < 2.4(1.00 in.)(%in.)(58 ksi) 


< 87.0 kips 
Use R, = 53.1 kips. 


The available bearing strength is determined as follows: 


(Spec. Eq. J3-6a) 


From AISC Manual Table 7-5, the available 
bearing strength based on 3-in. bolt spacing is: 


For the interior bolts 
0,7, = 101 kips per inch of thickness 


oR, = 101 kips/in.(% in.) 
= 63.1 kips 


LRFD ASD 
For the end bolts For the end bolts 
o, =0.75 Q, = 2.00 
,R, = 0.75(53.1 kips) R,_ _ 53.1 kips 
: Q, 2.00 
= 30:8 Rips = 26.6 kips 


From AISC Manual Table 7-5, the available 
bearing strength based on 3-in. bolt spacing is: 


For the interior bolts 


tn — 67.4 kips per inch of thickness 


" = 67.4 kips/in.(% in.) 
= 42.1 kips 
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LRED (cont.) ASD (cont.) 
For the 10 bolts For the 10 bolts 
. a ; ; 
oR, = 2(39.8 kips) + 8(63.1 kips) oy = 2(26.6 kips) + 8(42.1 kips) 
= 584 kips = 390 kips 
584 kips > 254 kips 0.k. 390 kips > 169 kips 0.k. 


Bearing on the beam flange 


Use the following equation from AISC Specification Section J3.10(a)(), when deformation at the bolt hole at service load is a 


design consideration. 


R, =1.2L,tk, <2.4dtF, 


F, =65 ksi 
ft o= tp 
= 0.715 in. 


For the end bolts, use a 2-in. edge distance at the end of the beam. 


L, =2 in.- 16 in./2 
= 1.47 in. 


R, =1.2(1.47 in.)(0.715 in.)(65 ksi) 


= 82.0 kips < 2.4(1.00 in.)(0.715 in.)(65 ksi) 


(Spec. Eq. J3-6a) 


<111 kips 
Use R,, = 82.0 kips. 
LRFD ASD 
For the end bolts For the end bolts 

od, =0.75 Q, = 2.00 
,R, = 0.75(82.0 kips) R, _ 82.0 kips 

= 61.5 kips Q, 2.00 

= 41.0 kips 


From AISC Manual Table 7-5, the available 


For the interior bolts 
6,7, = 113 kips/n. of thickness 
oR, = 113 kips/in.(0.715 in.) 
= 80.8 kips 
For the 10 bolts 
oR, = 2(61.5 kips) +8(80.8 kips) 
= 769 kips 
769 kips > 254 kips o.k. 


bearing strength based on 3-in. bolt spacing is: 


From AISC Manual Table 7-5, the available 
bearing strength based on 3-in. bolt spacing is: 


For the interior bolts 


Ty 


= 75.6 kips/in. of thickness 


V 


“ = 75.6 kips/in.(0.715 in.) 


= 54.0 kips 
For the 10 bolts 


| 


Ri ; ; 

G- = 2(41.0 kips) + 8(54.0 kips) 
=514 kips 

514 kips > 169 kips o.k. 
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Bearing does not control. 
Length of through plate = 2[ 154 in. + 5(3.00 in.) ]+20.0 in, 


= 53.5 in. 


Block shear rupture of the through-plate 


The controlling failure surface for the block shear rupture limit state is the shear area through the two lines of bolts and the tensile 
area between the two bolts closest to the HSS. From AISC Specification Section J4.3, the available block shear rupture strength 
is determined as follows: 


R, = 0.6F,A,, + U,FAn < 0.6F,A,, + U;.F An (Spec. Eq. J4-5) 
F, = Fy 

=58 ksi 
Fy = Fy 

= 36 ksi 


Ly =1% in.+ 4(3.00 in.) 


= 13.8 in. 
Ag = 2(13.8 in.)(% in.) 
=i in? 
An =17.3 in.” —2(4.5)(1/o in. + Yo in.)(% in.) 
=11.0 in? 
g =3'%/ in. 


Ay = in.[ 3% in.— (Io in. + Yo in.) | 
= 1.48 in? 
U,, =1 since tension is uniform 
The left side of the inequality given in Equation J4-5 is: 
0.6F,Ay + Up FuAn = 0.6(58 ksi)(11.0 in”) + 1(58 ksi) (1.48 in’) 
= 469 kips 
The right side of the inequality given in Equation J4-5 is: 
0.6F, Ag, +Up,FyAy = 0.6(36 ksi) (17.3 in.”)+ 1(58 ksi)(1.48 in’) 
= 460 kips 
Because 469 > 460 kips, use R, = 460 kips. 


LRFD ASD 
6 =0.75 Q = 2.00 
R, _ 460 ki 
oR, = 0.75(460 kips) a san a 
= 345 kips = 230 kips 
345 kips > 254 kips 0.k. 230 kips > 169 kips ok. 
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Block shear rupture of the beam flange. 
The block shear pattern is shear through the lines of bolts and tension from the last bolt to the tips of the flange on both sides. 


From AISC Specification Section J4.3, the available block shear rupture strength is determined as follows: 


R, = 0.6F,Ay, +UssF,An S$ 0.6F, Ay, +U pF An (Spec. Eq. J4-5) 
F, =65 ksi 
F, =50 ksi 


y 


Ly =2 in.+4(3.00 in.) 


= 14.0 in. 

Ag, = 2(14.0 in.)(0.715 in.) 
= 20.0 in. 

Aw = 20.0 in.” —2(4.5)(1Mie in.+ Yo in.)(0.715 in.) 
= 12.8 in? 

g =3% in. 

A, = 0.715 in.[ 7.12 in. 31% in.-(1'%o in. +o in.) | 
= 1.78 in? 


U,, =1 since tension is uniform 


The left side of the inequality given in Equation J4-5 is: 
0.6F,Ay +Up,FyAn = 0.6(65 ksi)(12.8 in) + 1(65 ksi)(1.78 in’) 
= 615 kips 
The right side of the inequality given in Equation J4-5 is: 
0.6F, Ag + Us.F,An = 0.6(50 ksi)(20.0 in”) + 1(65 ksi)(1.78 in.’) 
= 716 kips 
Because 615 < 716 kips, use R, = 615 kips. 


LRFD ASD 
: R 615 kips 
R, = 0.75(615 kips Sha SE 
° ( sila ) Q ~~ 2.00 
=H) Ops = 308 kips 
461 kips > 254 kips 0.k. 308 kips > 169 kips o.k. 


Weld size for plate-to-HSS connection 
Design the plate-to-HSS weld for combined axial force and moment on the compression side where they are additive. 
Referring to Figure 4-5: 
Ay = 2(B+ H) tiroar 
= 2(12.0 in. + 20.0 in.) tira 
= 64.0tiroar in. 
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Hr, hroat F 
[=2 se a5 2Beihroat u 
12 2 


. \3 2 
=) (20.0 in.) binroat 4 2(12.0 in.) a (s *.) 
12 2 
= 9, 730 f ges I 


Note that the throat thickness is neglected for simplicity in the squared portion (H/2) of the second term in the calculation of J 
above, as its effect would be negligible. 
Bom Mesa B72} 

+ 


Required resistance per unit length of weld = 
ijl Giese Lise 


Use Fryy = 70 ksi. 


Using the procedure provided in Part 8 of the AISC Manual, determine the weld size required to connect the plate to the HSS. 


LRFED ASD 
oR, = 1.392DI & = 0.928D1 
uconn M veonn H 2 
oe = 1.392D > + ( / ) R, = 0 928D > P conn es M sons (H/2) 
Ay / Finroat 1/ trea Ql : - A, / Linroat 1/ Linroat 
1392p > 346 Kips pss eee 
64.0 in. ~ 64.0 in. 
gi kip-ft(12 in,/t)(20.0 in./2) 100 kip-ft(12 in./ft)(20.0 in./2) 
a3 + 
_ 3,730 in. 3, 730 in? 
fae O ee . 0,928D > 6.84 kips/in. 
Die GL sieieeainssoanenely D =7.37 sixteenths-of-an-inch 
Use '2-in. weld . 
Use '4-in. weld 


Available shear strength of the single plate connection 
Note that the controlling loads (see beginning of this example) are V, ign = 48.0 kips and V, ,ign: = 32.0 kips. 


Using AISC Manual Table 10-9a with three 1-in.-diameter ASTM A325-N bolts and %-in. plate, 914 in. long, and F,,, = 36 ksi, 
determine the available shear strength of the single plate. 


LRFD ASD 
oR, = 59.9 kips & = 40.0 kips 
59.9 kips > 48.0 kips 0.k. 40.0 kips > 32.0 kips o.k. 
Axis of 
bending 
B= 12.0" 
| H= 20.0" | 


Fig. 4-5. Weld lengths for plate-to-HSS connection. 
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From AISC Manual Table 10-9a, the weld size is '4 in. 


Use a plate width of 3 in. from the HSS to the center of the bolt hole + 1%4-in. horizontal edge distance per AISC Specification 
Table J3.4 and AISC Manual Part 10. 


Therefore 
plate width = 3.00 in. + 1% in. 
= 4.75 in. 


The length of the HSS segment between the through plates must be longer than the nominal beam depth to account for mill 
tolerances. AISC Manual Table 1-22 states that for a section of nominal depth greater than 12 in., the maximum depth over 
the theoretical depth at any cross-section is '4 in. Therefore, the length of the HSS segment should be greater than or equal to 
16.4 in. + 0.125 in. = 16.525 in. During erection, any space between the through plates and the beam flanges should be filled with 
conventional shims or finger shims. 


Example 4.3—Directly Welded Connection 


Given: 


Determine the moment transfer capacity between a W16x57 beam and an HSS10x10x'4 in the configuration shown in Figure 
4-2. The HSS column carries axial dead and live loads of Pp = 100 kips and P, = 300 kips, respectively. 


From AISC Manual Table 2-3, the material properties are as follows: 


HSS10x10x!4 
ASTM A500 Grade B 
F, = 46 ksi 

F, =58 ksi 


W16x57 
ASTM A992 
F, =50 ksi 
F, = 65 ksi 


From AISC Manual Table 1-12, the HSS geometric properties are as follows: 


HSS10x10x'% 
A =17.2 in? 
B =10.0in. 
H = 10.0 in. 
t =0.465 in. 


From AISC Manual Table 1-1, the W-shape geometric properties are as follows: 


W16x57 
by =7.12 in. 
d =16A4 in. 
te =0.715 in. 
Solution: 
Fit on the flat of the HSS wall 


Determine whether there is adequate width to weld the W-shape to the HSS wall: 


by = =7.12 in. <B-34 
B-3t =10.0 in.—3(0.465 in.) 
= 8.61 in. 


7.12 in.<8.61 in. o.k. 
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In applying AISC Specification Section K1.3b for plates for use with the beam flange, the variables B, = by, t, = t;, and F,,, refer 
to the beam. 
Limits of applicability 


The following limits of applicability given in AISC Specification Section K1.2 and Table 7-2A of this Design Guide must be met 
in order to apply the criteria given in AISC Specification Section K1.3. 


Q = 90° > 30° o.k. 
0.25 < by /B=0.712<1.0 o.k. 

B/t = 21,535 0.k. 

F, = 46 ksi < 52 ksi o.k. 
F, =50 ksi <52 ksi o.k. 
F, [i = 0.793 < 0.8 o.k. 

Bal Fy = 0.769 < 0.8 ok. 


Local yielding of the beam flange due to uneven load distribution 


Using AISC Specification Section K1.3b(a), determine the available strength based on the limit state of local yielding due to 
uneven load distribution in the beam flange. 


R, = (= FAB, S Ft, B, (Spec. Eq. K1-2) 
R, = —2~(46 ksi) (0.465 in.)(7.12 in.) <50 ksi(0.715 in.)(7.12 in.) 


21.5 
= 70.8 kips < 255 kips 


LRFD ASD 
= Q= 1.58 
Hi. 708 DS 
oR, = 0.95(70.8 kips) Q” 158 
= 67.3 kips = 44.8 kips 


HSS shear yielding (punching) 


Using AISC Specification Section K1.3b(b), determine whether the limit state of shear yielding (punching) of the HSS is 
applicable. 


Because B, = bp= 7.12 in. < 0.85B = 0.85(10 in.) = 8.50 in., this limit state need not be checked. 


Sidewall strength 
Using AISC Specification Section K1.3b(c), determine whether the limit state of sidewall compression loading is applicable. 


Because b,/B = B = 0.712 # 1.0, this limit state need not be checked. 
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Available flexural strength 


Determine the available moment transfer as the flange force, F, times the distance between the flange centers. 


M = F,(d-1,) 
= F, (16.4 in.- 0.715 in.) 
=15.7F, kip-in. 


The available flexural strength is determined as follows: 


LRFD 


ASD 


F, = OR, = 67.3 kips 

ae sa in. 
12 in./ft 

= 88.1 kip-ft 

Note: 

From AISC Manual Table 3-2 

W16x57  0,M,, = 394 kip-ft 

From AISC Manual Table 3-13 

HSS10x10x'% 6,M, = 210 kip-ft 


(67.3 kips) 


F, = R,/Q. = 44.8 kips 
ioe (44.8 kips) 
12 in./ft 


= 58.6 kip-ft 


Note: 
From AISC Manual Table 3-2 


W16x57 M,, /2, = 262 kip-ft 
From AISC Manual Table 3-13 
HSS10x10x'%4 -M,,/Q, = 139 kip-ft 


This example illustrates the limited flexural strength that can be achieved for W-shape beams directly welded to HSS columns. 
Another example of a W-shape beam directly welded to a round HSS column is given in Chapter 7 of this Design Guide 


(Example 7.2). 
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Chapter 5 


Tension and Compression Connections 


5.1 TYPES OF END CONNECTIONS 


Round, rectangular and square HSS are frequently used 
as bracing members in steel construction. These members 
may be subject to tension or compression loads, and the end 
connections to supporting elements of the structure must be 
capable of resisting the required forces. In many applica- 
tions, the forces in the member are much less than the yield 
capacity of the HSS. For example, the resistance of a slender 
compression brace is less than its yield strength. If the same 
force is developed in the reversed load condition, the tension 
force will also be considerably less than the yield capacity. 
One type of connection for these members is the end tee 
bolted connection shown in Figure 5-1(a). The tee can be 
either a WT section or built up with two plates. The flange is 


@ © 


E——|° °] 
(a) End tee bolted connection. 


“A 
< \ 
\ 


< f\ 


N.S.&F.S 
of gusset 


welded to the end of the HSS with a continuous weld around 
the perimeter, and the stem is bolted to the supporting at- 
tachment. A single or multiple lines of bolts may be used. 
The transfer of force through the bolts to the connecting ele- 
ment is through shear. Another type of end connection is the 
slotted HSS/gusset plate connection shown in Figure 5-1(b). 
The gusset is welded to the HSS in the slot, and the project- 
ing portion of the gusset is similar to the stem of the end tee 
connection. Figure 5-1(c) depicts a typical field-welded HSS 
to gusset plate connection. 

Due to shear lag, the connections shown in Figure 5-1(b) 
cannot develop the yield strength of the member according 
to AISC Specification Table D3.1, except for a round slot- 
ted HSS (or slotted plate) with the weld length / = 1.3D, 


@ © 


@ @& 


(b) Slotted HSS/gusset bolted connection. 


(c) Field-welded connection to gusset. 


Fig. 5-1. Bracing connections with bolts or welds in shear. 
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where D is the HSS diameter. Shear lag is a concentration 
of force from the unconnected portions of the cross-section 
into the gusset, as illustrated in Figure 5-2, or into the tee 
stem [Figure 5-1(a)]. Under tension or compression loading, 
the HSS can experience local failure initiating at the point 
of load concentration. Under tension loading on slotted HSS 
connections, shear lag results in a circumferential fracture of 
the HSS at the end of the weld (section A-A in Figure 5-2). 
Another limit state for the HSS in such connections under 
tension loading is block shear (or tear out), especially for 
short slot and weld lengths. 

For rectangular and square HSS, a stronger connection 
may be generally obtained by using two side gusset plates, 
as in Figure 5-3. In this connection, the effect of shear lag 
is reduced and the amount of gusset material is increased. 
However, there are more erection difficulties with this type 
of connection as opposed to a single, centered gusset plate. 
The connection also requires flare bevel groove welds to at- 
tach the gussets to the HSS. 

The full yield strength of the HSS can be developed with 
end-plate connections as shown in Figure 5-4. The plate is 
welded around the full perimeter of the HSS, and bolts in 
tension are spaced around the perimeter to avoid shear lag. 
Under compressive loading, the force is distributed uniform- 
ly through the end plate. 


(a) Round HSS. 


5.2. END TEE CONNECTIONS 


The length and width of the tee flange must extend beyond 
the HSS to provide sufficient shelf to deposit the fillet weld 
around the perimeter of the HSS. 
For tension loads, the limit states for the end tee connec- 
tions are: 
1. Strength of the weld connecting the tee flange to the 
HSS 
2. Strength of the weld connecting the stem to the cap 
plate, for built-up tees 
3. Strength of the HSS wall in local yielding 
4. Strength of the tee flange for through-thickness shear 
adjacent to the stem 
5. Strength based on bolting to the tee stem 
6. Strength of the stem in yielding, rupture and block 
shear 


For compressive loading, two other limit states must be 
considered: 
7. Strength of the HSS wall in crippling, for square/ 
rectangular HSS 
8. Strength based on buckling of the tee stem 


(b) Rectangular HSS. 


Fig. 5-4. End-plate connections. 
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The procedure for determining the available buckling 
strength of the tee stem is based on an eccentrically loaded 
compression member as shown in Figure 5-5. Both ends are 
assumed fixed and can move laterally, resulting in the effec- 
tive length factor, K = 1.2. The geometric properties over the 
entire length, L,, are taken as those of the thinner of the tee 
stem or supporting gusset. It is possible to add a stiffener to 
enhance the buckling strength; however, it is generally more 
economical to thicken the tee stem and/or gusset. 

The interaction equations from AISC Specification Sec- 
tion H1.1 for combined flexure and compression are: 


P. 8(M, P. 

—+=|—|1<1.0 for —>0.2 (5-1) 

P. 9\M, Ee 

aaa celal Pa ae ee 5-2 
<1, or — . > 

2P. | M. P. o 


where P. and M. are the available strengths in axial com- 
pression and flexure. Using M, = P,e/2 (see Figure 5-5), 
the equations can be solved for the maximum compression 
strength and Equations 5-1 and 5-2 become: 


P. 
P< — for — >0.2 (5-3) 
1 4e P. 
—+ 
P. 9M, 
2 P. 
a < for — <0.2 (5-4) 
1 e - 
—, + a 
P. M. 


Example 5.1 shows a calculation for an end tee connection. 


5.3. SLOTTED HSS/GUSSET CONNECTION 


The slot in the HSS for the gusset plate is made wider than 
the plate thickness to facilitate fabrication and erection. 
Therefore, the weld size must be increased per AWS D1.1 
to account for the gap. However, AWS D1.1 permits a Y-in. 
gap with no increase in weld size. To avoid undercutting of 
the plate, AISC recommends that the weld not be returned 
around the end of the plate in the slot. Also, for field-welded 
braces, the slot length extends beyond the end of the plate to 
facilitate erection. Consequently, there is a reduced net area 
at the end of the gusset that, when combined with shear lag, 


t+t 
e=- 
ts 2 
Pe P, AA Tee Stem_ 
M,=—5 Mm ( Oo — -—- ——- am 
@| . —— r 
3 Gusset | 
| ia | 


Fig. 5-5. Tee stem/gusset as an eccentrically loaded column. 


could lead to HSS rupture as a critical limit state. The width 
of the gusset must extend beyond the HSS to provide a shelf 
for the fillet welds. 

Besides the HSS member limit states, the other limit states 
that must be considered are: 

1. Base metal shear in the HSS 

2. Base metal shear in the gusset 

3. Shear in the weld connecting the HSS to the gusset 

4. Strength based on bolting to the gusset plate 


The AISC Specification implies that the length of the welds 
should be equal to or greater than the distance between the 
welds, H or D, where H is the overall height of a rectangular 
HSS member and D is the outside dimension of around HSS, 
measured in the plane of the connection. The shear lag fac- 
tors, U, in AISC Specification Table D3.1 have no provisions 
for shorter welds. This is consistent with the requirements for 
plates where the tension load is transmitted by longitudinal 
welds only, where no U factor is specified for welds that are 
shorter than the spacing between them. Example 5.2 shows 
a calculation for a slotted round/gusset connection. 


5.4 END PLATE ON ROUND HSS 


The bolts in the end-plate connection shown in Figure 5-4(a) 
are equally spaced around the circumference. To obtain the 
minimum end-plate thickness, the distance, b, from the HSS 
wall to the bolt line should be as small as practical, keep- 
ing in mind clearances for an impact wrench and minimum 
spacing requirements, per AISC Specification Section J3.3. 
The distance, a, from the bolt line to the edge of the plate is 
assumed equal to b in the method used to design the end- 
plate connection. The limit states are: 

1. Yielding of the end plate 

2. Tensile strength of the bolts, including prying action 

3. Strength of the weld connecting the end plate to the 

HSS 


Due to the complexity of the analysis accounting for prying 
action and flexure of the plate, it is difficult to directly deter- 
mine nominal resistances according to the AISC Specifica- 
tion provisions. However, equations are presented (Packer 
and Henderson, 1997) to determine the thickness of the 
plate, ¢,, the number of bolts, n, and the weld size, w. 


2P. 
a 
CF fy 


(5-5) 


eh 1. 1 
7 fr filn(x,/n) 


| (In = natural logarithm) (5-6) 


p.V2 


Foe mD 


we 


(5-7) 
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where 
D =HSS outside diameter, in. 
F,, = specified minimum yield stress of the plate, ksi 
P,, = required strength using LRFD or ASD load combi- 
nations, as applicable, kips; for LRFD, P, = P,,; for 
ASD, P,.= P, 
R. = available tensile strength of a bolt, kips 


1 
% = 55 (+ Ve 44) 


(see Figure 5-6) (5-8) 


k, =In(r,/n) (5-9) 
k; =k, +2 (5-10) 
A 22a (5-11) 
2 
D 
» =—+b 5-17 
h a (5-12) 
D=t 
5 = (5-13) 
2 


t = HSS thickness, in. 


The available tensile strength of a bolt is calculated as fol- 
lows using AISC Manual Table 7-2. 


LRFD ASD 


c= = where Q = 1.67 
Q 


R. = on, R. = ta 
Q 


fy 5 


0.0 0.2 0.4 0.6 0.8 1.0 
(D-t)(D+2b) 


Fig. 5-6. Variation of f3. 


From AISC Specification Section J2.4, the available weld 
strength based on the limit state of shear rupture is: 


LRFD ASD 
Fy. = oF, F l= Fy, 
where Q,, 
F,, = 0.60F exx where 
0, = 0.75 F,, = 0.60F exx 
Q,,= 2.00 


5.5 END PLATE ON RECTANGULAR HSS WITH 
BOLTS ON TWO SIDES 


For the design criteria to be valid, the centerline of the bolts 
in the end-plate connection should not be positioned beyond 
the corner of the rectangular HSS. The limit states for the 
end-plate connection bolted on two sides, as in Figure 5-7, 
are: 

1. Yielding of the end plate 

2. Tensile strength of the bolts, including prying action 

3. Strength of the weld connecting the end plate to the 

HSS 


Due to the complexity of the analysis accounting for prying 
action and the position of the yield lines in the plate, it is 
difficult to directly determine nominal resistances accord- 
ing to the AISC Specification provisions. A modified T-stub 
design procedure can be used to evaluate the connection 
limit states (Packer and Henderson, 1997). The details of 
the procedure and background research are presented in the 
reference. 


Plate yielding 
Re t, [1+ Sa. |n 


5-14 
. (5-14) 


Total bolt tension 


Fig. 5-7. Rectangular end plate with bolts on two sides. 
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(5-16) 


(5-17) 


a =distance from the bolt centerline to the edge of the 


Weld size 
> 
where 
K= 4b 
FP 
fitting, in. 
a’=a,+— 
a, =aS1.25b 
d, 
b’=b-—+t 
2 


n = number of bolts 


4 or. 
t, 
ees 
P 


(5-18) 
(5-19) 


(5-20) 


(5-21) 


(5-22) 


The available tensile strength of a bolt is checked using 


AISC Manual Table 7-2 as shown below. 


LRFD 


C= 


Ps 


a 


IA 


where Q = 1.67 


From AISC Specification Section J2.4, the available weld 
strength based on the limit state of shear rupture is: 


LRFD ASD 
Foe = OF os 
Q,, 
where ohare 
Fy = 0.60 Fexx F, = 0.60 Foxx 
,, = 0.75 Q, =2.00 


5.6 END PLATE ON RECTANGULAR HSS WITH 
BOLTS ON FOUR SIDES 


End-plate connections with bolts on all four sides are more 
common than with bolts on just two sides. The limit states 
for the end-plate connection bolted on four sides as shown 
in Figure 5-8 are: 

1. Yielding of the end plate 

2. Tensile strength of the bolts, including prying action 

3. Strength of the weld connecting the end plate to the 

HSS 


Due to the complexity of the analysis accounting for pry- 
ing action and the position of yield lines in the plate, it is 
difficult to directly determine nominal capacities according 
to the AISC Specification provisions. However, equations 
are presented to determine the thickness of the plate, f,, the 
number of bolts, n, and the weld size, w. The design pro- 
cedure is based on the AISC design procedure for hanger 
connections. For the following design criteria to be valid, 
the centers of the bolt holes should not be positioned beyond 
the corners of the HSS. The details of the design procedure 
are presented by Willibald et al. (2003). In the design pro- 
cedures, the flange-plate material strength is taken as F,,,, as 
validated experimentally for HSS end-plate connections by 
Willibald et al. (2003), rather than the higher capacity F,,, as 
in the AISC Manual (pages 9-10 to 9-12). 

The following simplified equation from AISC Manual 
Part 9, gives the minimum plate thickness, f,,;,, required for 
no prying action to occur: 


LRFD ASD 
4.44(P, /n)b’ 6.66( P, /n) b’ 
ip he i) (5-23a)| tp 2 tnin = eee (5-23b) 
PFy PFy 


where 
p =length of end plate tributary to each bolt, in. 
= flange height/width divided by the number of bolts 
to the flange height/width on one side, in. (see 
Figure 5-8) 


fo—-| Bolt hole 


diameter, d), 


Fig. 5-8. Rectangular end plate with bolts on four sides. 
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[Note that if the HSS is not square, or if the bolting layout is 
not the same on all four sides, then the bolt pitch used should 
be the minimum of the bolt pitch for the long and short side 
(assuming equal values of a and b for the long and short 
sides); i.e., the bolt pitch is equal to the minimum of p and p’ 
in Figure 5-8 (Willibald et al., 2003)]. 

The available tensile strength of a bolt is given in AISC 
Manual Table 7-2 and compared to the required strength as 
shown below. 


LRFD ASD 


P P 
“ <or,  (5-24a) ale 4 (5-24b) 


nN n 


From AISC Specification Section J2.4, the weld size, w, 
is determined based on the limit state of shear rupture as 
follows. 


LRFD ASD 
P.N2 PN2 
w2 v2 (5-25a) we ae (5-25b) 
where where 
F.. =0,£, 
we 0, W F,,. = FF, 
Fy = 0.60 Fixx Q,, 
6, = 0.75 F,, =0.60F yy 
Q,, = 2.00 


As discussed in AISC Manual Part 9, a lesser required thick- 
ness can be determined by designing the connecting element 
and bolted joint for the effects of prying action. The thickness 
required to ensure an acceptable combination of fitting strength 
and stiffness and bolt strength is determined as follows: 


LRED ASD 
4.44(P, /n)b’ 6.66(P, /n)b’ 
pe PE, (1+ 80’) (5-26a) t, DE, (1+ 60’) (5-26b) 


The available tensile strength, ov, or 7,/Q, of the bolt can be 
determined from AISC Manual Table 7-2, and the following 
relationship must be checked based on the discussion in Part 
9 of the AISC Manual. 


LRFD 


A. 2 / 
+97 | Sap, Jin < or, (5-27a) 


where 
tnin iS from Equation 5-23a 


elit, 
nor, 5 


a= 0 


ASD 


Nr 


Fy {tm 2 
“af 5) [aao(, / un) | = (5-27a) 


where 
tin iS from Equation 5-23b 


Paltn/te) [1 
ae 1|<20 


Q= 


From AISC Specification Section J2.4, the weld size, w, is 
determined based on the limit state of shear rupture as follows. 


LRFD ASD 
PV2 P,V2 
w > u w > a 
FLy Fy Ly 
where where 
Five = oF, FE — Fu 
F, =0.60F ~ Qs 
ena. F,, = 0.60 Fexy 
o,, = 0.75 Q,, = 2.00 


Additional terms used in the foregoing are defined as 
follows: 


d 
§=1-— 

DP 
o” =1.0 if BS 1 


= lesser of 1 and (4 ifB<1 


For LRFD 
B on, -i|2 
Rin “|e 
For ASD 
g 7, /Q 1 
~|P,/n |p 
b’ 
P= 
a 


L,, = HSS perimeter = 2(B + 1) 
d, 


2 


a’ =a,+ 


a, = distance from bolt centerline to edge of the end plate but 


< 1.255 for calculation purposes 


=aS1.25b 
dy 
b’=b-— 
2 


p = length of end plate tributary to each bolt, in. 
(See definition for the “no prying” case.) 
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5.7 CONNECTION DESIGN EXAMPLES 
Example 5.1—End Tee Connection 


Given: 


Determine the applied load, P,, the connection can withstand in tension and compression for the end connection shown in Figure 
5-9. Use four bolts, 1 in. diameter, ASTM A490-N, in standard holes and 70-ksi filler metal. The built-up tee stem is attached to 
an identical plate that is welded to the support structure. 


From AISC Manual Tables 2-3 and 2-4, the material properties are as follows: 


HSS8x6x/6 

ASTM A500 Grade B 
F, =46 ksi 

F,, =58 ksi 


Plates 

ASTM A36 
F,, = 36 ksi 
Fy = 58 ksi 


From AISC Manual Table 1-11, the HSS geometric properties are as follows: 


HSS8x6x/e 
A=7.59 in.” 
B =6.00 in. 
H= 8.00 in. 
t =0.291 in. 


Cap plate 
t, = 1.00 in. 


Stem and support plates 
t, = 0.750 in. 


(4)1" dia. 

ASTM A490-N bolts 
2 PL%x9x11 
ASTM A36 
overlapping 


PL1x7x9 

ASTM A36 
HSS8x6x%e 
ASTM A500 Gr. B 


Fig. 5-9. Tee-to-HSS end connection. 
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Solution: 


Available strength of the welds connecting the tee flange to the HSS 


The nominal weld strength is determined as follows: 
R, = FA, (Spec. Eq. J2-3) 


Because the force is not in the plane of the weld group, Equation J2-5 of the AISC Specification does not apply. 
From AISC Specification Table J2.5, the nominal strength of the weld metal per unit area is: 
F,, = 0.60 Fixx 
= 0.60(70 ksi) 
= 42.0 ksi 


Assume the force from the stem spreads on both sides through the cap plate at a 2.5:1 slope. From AISC Specification Commen- 
tary Section K1.6, this produces a dispersed load width of 51, + N, where N = t, + 2w. When this load width equals or exceeds the 
HSS wall width, B, the four walls of the HSS are engaged. This is determined as follows: 


width = 5¢, +t, + 2w 
= 5(1.00 in.) + 0.750 in. + 2(%s in.) 
= 6.38 in. > B = 6.00 in. 
Therefore, all four HSS walls are fully effective so use an effective weld length of / = 2(8.00 in. + 6.00 in.) = 28.0 in. 


a 


ee 
= 28.0 n( Gs "| 


2 


A, cs l 


= 6.19 in.’ 
R, = 42.0 ksi(6.19 in.’) 
= 260 kips 
From AISC Specification Section J2.4, the available strength of the weld is: 


LRFD ASD 
: R, — 260 kips 
R, = 0.75( 260 kips = ——_——- 
. (: Ps) Q~ 2.00 
=P) = 130 kips 


Available strength of the welds connecting the stem to the tee flange 


From AISC Specification Section J2.4 and Table J2.5, the nominal strength of the weld metal is determined as follows: 


R, = FA, (Spec. Eq. J2-4) 
F,, = 0.60 Fixx 

= 0.60(70 ksi) 

= 42.0 ksi 
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Here the effective weld length, /, is equal to the length of the flange plate, on both sides of the stem. Hence: 


1 =2(9.00 in.) = 18.0 in. 


w 
Ay =[—= 
2 
Epos 
= 180 (* "| 
V2 
= 3.98 in? 


R, = 42.0 ksi (3.98 in’) 
= 167 kips 


From AISC Specification Section J2.4, the available strength of the weld is: 


LRFD ASD 
R, — 167 kips 
R, = 0.75(167 ki = 
ve ( Ps) Q~ 2.00 
= 120 Sap = 83.5 kips 


Local yielding of the HSS wall 
From AISC Specification Section K1.6, determine the dispersed load width as follows: 
N =t,+2w 
= 0.750 in. + 2(%e in.) 
= 1.38 in. 
5t, + N =5(1.00 in.) + 1.38 in. 
= 6.38 in. > 6.00 in. 
Therefore, the available strength is the sum of the contribution of all four walls. The nominal strength is: 
R, = FA 
= 46 ksi (7.59 in.”) 
= 349 kips 


From AISC Specification Section K1.6, the available strength of the HSS walls for the limit state of local yielding is: 


LRFD ASD 
; R, 349 kips 
R, = 1.00(349 kips 7 
. ( Aine ) Q~ 150 
ge = 233 kips 
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Shear yielding through the cap-plate thickness 


From AISC Specification Section J4.2, the nominal shear yield strength is determined as follows: 


R, = 0.60F,A, (Spec. Eq. J4-3) 
where 
F,=F, 
= 36 ksi 


Note that the total shear area is twice the length of the cap plate times the thickness of the cap plate. Half of the load is resisted 
at each shear plane adjacent to the welds. The total shear area is: 


A, = 2Lt, 
= 2(9.00 in.)(1.00 in.) 
= 18.0 in, 
and therefore 
R, = 0.60(36 ksi)(18.0 in.) 
= 389 kips 


From AISC Specification Section J4.2, the available strength of the cap plate for the limit state of shear yielding is: 


LRFD ASD 
6 =1.00 Q = 1.50 
R, 389 kips 
R = 1. ki => —___—. 
ae me Ps) Q 150 
Se = 259 kips 


Shear rupture through the cap-plate thickness 


From AISC Specification Section J4.2, the nominal shear rupture strength is determined as follows: 


R, = 0.6F,A,, (Spec. Eq. J4-4) 
where 
Ff, = Fy 
=58 ksi 
Aw = Ag 
=18.0 in” 


and therefore 
R, = 0.60(58 ksi) (18.0 in.” 
= 626 kips 


From AISC Specification Section J4.2, the available strength of the cap plate based on the limit state of shear rupture is: 


LRFD ASD 
6 =0.75 Q =2.00 
: R, 626 kips 
R, = 0.75(626 kips = 
. ( ) Q 2.00 
= 470 kips = 313 kips 
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Bolt shear 


From AISC Manual Table 7-1, the available shear strength per bolt is: 


LRFD ro 
"= 23.6 kips/bolt 
0,7, = 35.3 kips/bolt Q, 
0,R, = 4(.m) Ry ( j 
,R, = 4(35.3 kips/bolt) Q, Q, 
= 141 kips = 4(23.6 kips/bolt) 


= 94.4 kips 


Bolt bearing 


From AISC Specification Section J3.10(a)(i), the nominal bearing strength of a bolt in a standard hole when deformation at the 
bolt hole at service load is a design consideration is: 


R, =1.2L,tF, < 2.4dtF, (Spec. Eq. J3-6a) 
where 
th 
= 0.750 in. 
F, = Fw 
=58 ksi 


For the end bolts 
L, = 3.00 in.— 1% in./2 


= 2.47 in. 
and therefore, the left side of the inequality in Equation J3-6a is: 


1.2L,tF,, = 1.2(2.47 in.)(0.750 in.)(58 ksi) 
= 129 kips 


The right side of the inequality in Equation J3-6a is: 


2.4dtF,, = 2.4(1.00 in.)(0.750 in.)(58 ksi) 
= 104 kips 


129 kips > 104 kips 
Therefore, use R,, = 104 kips. 


AISC DESIGN GUIDE 24 / HOLLOW STRUCTURAL SECTION CONNECTIONS / 59 


Using AISC Specification Section J3.10 for the end bolts and AISC Manual Table 7-5 for the interior bolts, the available bearing 


strength is determined as follows: 


For the interior bolts 
,”, = 101 kips per inch of thickness 


oR, = 101 kips/in.(0.750 in.) 


= 75.8 kips 

For the 4 bolts 

oR, = 2(78.0 kips) + 2(75.8 kips) 
= 308 kips 


LRFD ASD 
For the end bolts For the end bolts 
6 =0.75 Q = 2.00 
oR, = 0.75(104 kips) R, _ 104 kips 
Q 2.00 
= 78.0 kips ae 


For the interior bolts 


Nh 


= 67.4 kips per inch of thickness 


Q, 
Re _ 674 kips/in.(0.750 in.) 
Q 
= 50.6 kips 
For the 4 bolts 


. = 2(52.0 kips) + 2(50.6 kips) 
= 205 kips 


Tensile yielding of the tee stem 


From AISC Specification Section J4.1(a), the nominal tensile yield strength of the tee stem is: 


R, = FA, 
where 
Fy =Fy 
= 36 ksi 
A, = Wt, 
= 9.00 in.(0.750 in.) 
= 6.75 in? 


and therefore 
R, = 36 ksi(6.75 in’) 
= 243 kips 


(Spec. Eq. J4-1) 


From AISC Specification Section J4.1(a), the available tensile yield strength of the tee stem is: 


LRFD ASD 
6 =0.90 Q =1.67 
R, 243 kips 
R, = 0.90(243 ki = 
bi (2 Ps) Q” 1.67 
=e MIDS = 146 kips 
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Tensile rupture of the tee stem 


From AISC Specification Section J4.1(b), the nominal tensile rupture strength of the tee stem is: 


R, = EA, (Spec. Eq. J4-2) 
where 
F, = Fw 
=58 ksi 
A, = A,U (Spec. Eq. D3-1) 


U= 1.0 from AISC Specification Table D3.1 (no unconnected elements) 
From AISC Specification Section J4.1(b), the net tensile area is: 


A, = A, - 2(d, + Ys in.)t, $ 0.85A, 


where 
d, +Mo in. = 1.00 in.+ Mio in. + Mo in. 
=1% in. 
The net tensile area is: 
A, = 6.75 in. — 2(1.13 in.)(0.750 in.) 
= 5.06 in.” < 0.85A, 
< 0.85(6.75 in.”) = 5.74 in.” 
and the effective net area is: 
A, = 5.06 in.’ (1.0) 
= 5.06 in.” 


The nominal tensile rupture strength of the tee stem is: 


R, = 58 ksi(5.06 in’) 
= 293 kips 


From AISC Specification Section J4.1(b), the available tensile rupture strength of the tee stem is: 


LRFD ASD 
. R, 293 kips 
R, = 0.75( 293 kips = 
. ( ee ) Q~ 2.00 
= 220 kips = 147 kips 


Block shear rupture of the tee stem plate 


From AISC Specification Section J4.3, the nominal strength of the tee stem based on the limit state of block shear rupture is: 


R, = 0.6F,A,, + UssF,Ay S$ 0.6F, Ay +U FA (Spec. Eq. J4-5) 


ee ut ont 
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where 


Ag = 2Leyts 

Ly, = 3.00 in. + 3.00 in. 
= 6.00 in. 

Ay, = 2(6.00 in.)(0.750 in.) 
= 9.00 in.’ 


Any = Agy — 21.5)(d, + Yo) t, 
= 9.00 in.” —2(1.5)(1%o in. + Vie in.)(0.750 in.) 


= 6.47 in2 
An = ts [3.00 =, (dy ++ Yo)| 
= 0.750 in.| 3.00 in. (1/6 in. + io in.) | 


=1.41 in? 
U,, = 1.0 since tension is uniform 


The left side of the inequality given in AISC Specification Equation J4-5 is: 
0.6F, An, +Up,F,An = 0.6(58 ksi) (6.47 in.”) + 1.0(58 ksi)(1.41 in’) 
= 307 kips 
The right side of the inequality given in Equation J4-5 is: 


0.6F,Ay +Uy,F.Ay = 0.6(36 ksi)(9.00 in’) +1.0(58 ksi) (1.41 in’) 
= 276 kips 
Because 307 kips > 276 kips, use R, = 276 kips. 


The available strength of the tee stem for the limit state of block shear rupture is: 


LRED AS 
o =0.75 O =2,00 
R, = 0.75(276 kips) R, _ 276 kips 
— < Q 2.00 
= 207 kips eer ee 


The available strength in tension is therefore controlled by the available strength of the weld connecting the stem to the tee 


flange. 


LRFD ASD 


e) 


oR, = 125 kips a = 83.5 kips 


Additional limit states for the available compressive strength are: 


HSS wall local crippling 
From AISC Specification Section K1.6(ii), the nominal compressive strength based on the limit state of wall local crippling, for 


one wall, is: 
1.5 
EF.1, 
R, = 0.807 1 7 = (Spec. Eq. K1-12) 
ty t 
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where 
N=t,+2w 
= 0.750 in. + 2(%o in.) 
= 1.38 in. 


The nominal compressive strength due to wall local crippling is: 


; ; 15 : : ; 
R, =0.80(0.291 in)? c 6(1.38 in) eS | [pom ksi (46 ksi) (1.00 in.) 
6.00 in. 1.00 in. 0.291 in. 


= 176 kips per 6.00 in. HSS wall 
2R, = 2(176 kips) 
= 352 kips for two 6.00 in. HSS walls 


From AISC Specification Section K1.6(ii), the available compressive strength of the HSS for the limit state of wall local 
crippling is: 


LRFD ASD 
o -=0.75 Q = 2.00 
: R, — 352 kips 
R, = 0.75(352 k SS 
OR, ( is) Q ~~ 2.00 
—aor kes =176 kips 


Buckling of the stem and interaction for combined flexure and compression 


The effect of combined flexure and compression can be determined using Equations 5-3 and 5-4. Assuming that P,/P. 2 0.2, use 
the following to determine the maximum required compressive strength, P,,: 


rl 
P= - 
ae (5-3) 


Ja 
P. OM. 


where 
be 0.750 in. + 0.750 in. 


2 
= 0.750 in. 


Determine the available compressive strength, P.. The slenderness ratio, KL/y is first calculated as follows: 


_ 0.750 in. 
Vi2 
= 0.217 in. 


Therefore 


1.2(3.00 in. + 3.00 in. + 3.00 in.) 
0.217 in. 


KL/r = 


= 49.8 
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Enter AISC Manual Table 4-22 with this value for KL/r and determine the available critical stress, which can then be used to de- 


termine the available compressive strength, P., as follows: 


LRFD ASD 
O.F, = 28.4 ksi Fe 18.9 ksi 
P=, = 
E, 
= b.FrAy es Q, 
F,, 
[ (% Ja) 
where 
A, = Lt, 
= 9.00 in.(0.750 in.) 
= 6.75 in? 
LRFD ASD 


P.=28.4 ksi (6.75 in’) 


P. =18.9 ksi (6.75 in’) 


= 192 kips = 128 kips 
Using AISC Specification Section F7.1, the available flexural strength, M_., for a compact HSS is: 
LRFD ASD 
o, = 0.90 Q, = 1.67 
M. = OFZ M. _ FZ 
Q, 
where 
ia? 
Fa 
4 
9.00 in.(0.750 in.) 
7 4 
=1.27 in? 
LRFD ASD 


M, = 0.90(36 ksi)(1.27 in.*) 
= 41.1 kip-in. 


_ 36 ksi(1.27 in.’) 


a 1.67 
= 27.4 kip-in. 
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Therefore, the required compressive strength, P,, is: 


LRFD ASD 
Boa. (5-3) a (5-3) 
1 4e 1 4e 
P. 9M. P. OM. 
n 1 1 
oa 4(0.750 in.) ~y 4(0.750 in.) 
192 kips . 9(41.1 kip-in.) 128 kips ‘ 9(27.4 kip-in.) 
= 75.1 kips = 50.1 kips 
‘ P. 128 kips 
=0.391>0.2 ok. HseinGR aac 


The available compressive strength is therefore controlled by buckling of the stem. 


LRFD ASD 


: R, : 
R, = 75.1 kips cy = 50.1 Kips 


Example 5.2—Slotted Round HSS/Gusset Connection 


Given: 


Determine the available tensile strength for the HSS in the connection illustrated in Figure 5-10. The slot in the HSS for the 
gusset plate is concentric and is 4 in. wider than the plate thickness to allow for clearance. Laboratory tests on such statically 
loaded connections (Martinez-Saucedo and Packer, 2006) have shown that the end of the slot in the HSS need not be machined 
or drilled to a smooth radius. The four bolts are /%-in.-diameter ASTM A325-N in standard holes. 


HSS 6.00x0.250 2.00" 3.00" 1.50" 


ASTM A500 Gr. B ~ ae ~] aa coe oe 
D fest 


P—— [3.00 7.00" 
< a 


7" dia. 
ASTM A325-N Bolts 


aD 
WY 
md 


aD 


Increase for gap 
per AWS D1.1; 


N.S. & F.S. of plate AG 6.00" 
PL %x7x12.5 


ASTM A36 


Fig. 5-10. Slotted round HSS to concentric gusset plate connection. 
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From AISC Manual Tables 2-3 and 2-4, the material properties are as follows: 


HSS6.000x0.250 
ASTM A500 Grade B 
Fy, =42 ksi 

F,, =58 ksi 

Plate 

ASTM A36 

Fy, = 36 ksi 

Fy = 58 ksi 


From AISC Manual Table 1-13, the HSS geometric properties are as follows: 


HSS6.000x0.250 
A =4.22 in? 

D =6.00 in. 

t =0.233 in. 


The gusset plate geometric properties are as follows: 


Gusset plate 
W =7.00 in. 
t, = 0.375 in. 


Pp 


Solution: 


HSS tensile yielding 


From AISC Specification Section D2, the nominal tensile strength for tensile yielding in the gross section is: 


P,= FyA, (Spec. Eq. D2-1) 
where 
A, =A 
= 4,22 in, 
The nominal tensile strength is: 
BP, = FA, 
= 42 ksi(4.22 in.”) (Spec. Eq. D2-1) 
=177 kips 


The available tensile strength for tensile yielding in the gross section is: 


LRFED ASD 
o =0.90 O =1.67 
: P, _ 177 kips 
P, = 0.90(177 kips Fn 
° (1 Ps) Q- 1.67 
eee = 106 kips 


ASS tensile rupture 


From AISC Specification Section D2, the nominal tensile strength for tensile rupture in the net section of the HSS is: 


P, = FA (Spec. Eq. D2-2) 
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where the effective area, A,, of tension members is determined from AISC Specification Section D3.3 as follows: 
A, = A,U (Spec. Eq. D3-1) 
A, =A- a6 +"eo in.) for a slot clearance of 6 in. 


= 4.22 in.” —2(0.375 in. +o in.) (0.233 in.) 
= 4.02 in. 


When D </<1.3D, U= 1 —X/l from AISC Specification Table D3.1, Case 5. 
f=) 
= 6.00 in. 


1 Lg Lin. 
6.00 in. 
= 0.682 

A, = 4.02 in.’ (0.682) 
= 2.74 in? 


Therefore, the available tensile strength for the limit state of tensile rupture in the net section is determined as follows: 


P, =58 ksi (2.74 in.) 


= 159 kips 
LRFD ASD 
6 =0.75 Q =2.00 
: P, 159 kips 
P, = 0.75(159 k ob = 
" ( is) Q 2.00 
=i ps = 79.5 kips 


Gusset plate tensile yielding 


From AISC Specification Section J4, the nominal tensile strength for the limit state of tensile yielding of the gusset plate is: 


R, = FA, (Spec. Eq. J4-1) 
where 
Fy = Fy 
= 36 ksi 
A, = Wt, 
= 7.00 in.(0.375 in.) 
= 2.63 in. 


AISC DESIGN GUIDE 24 / HOLLOW STRUCTURAL SECTION CONNECTIONS / 67 


Therefore, the nominal tensile strength is: 
R, = 36 ksi (2.63 in’) 
= 94.7 kips 


The available tensile strength for the limit state of tensile yielding of the gusset plate is: 


LRFD ASD 
o =0.90 O =1,67 
‘ R, 94.7 kips 
R, = 0.90(94.7 kips te 
: ( or ) Q- 167 


Gusset plate tensile rupture 
From AISC Specification Section J4, the nominal tensile strength for the limit state of tensile rupture of the gusset plate is: 
R= FA (Spec. Eq. J4-2) 
where 
F,, = 58 ksi 
The effective area, A,, is determined from AISC Specification Section D3.3 as follows: 


A, = A,U (Spec. Eq. D3-1) 


The net area, A, is determined from AISC Specification Section D3.2 as follows: 
A, = A, - 2(d, +s in.)t, 
where 
d, = % in.+ Yio in. 
= 0.938 in. 
Therefore, the net area is: 
A, = 2.63 in.” — 2(0.938 in. + 0.063 in.)(0.375 in.) 
= 1.88 in.” 
From AISC Specification Table D3.1, with no unconnected elements, U = 1.0. 


According to AISC Specification Section J4.1(b), the effective net area is limited to 0.85A, for bolted splice plates. Treating the 
gusset plate as a splice plate gives: 


A, = 1.88 in.’ (1.00) 
= 1.88 in. < 0.85A, 
0.85(2.63 in.) = 2.24 in.” 
1.88 in.” < 2.24 in. 
The nominal tensile strength for the limit state of tensile rupture of the gusset plate is: 
R, = 58 ksi(1.88 in’) 
= 109 kips 
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The available tensile strength for the limit state of tensile rupture of the gusset plate is: 


LRFD ASD 
6 =0.75 Q. = 2.00 
: R, _ 109 kips 
R,, = 0.75(109 ki ne EE 
eel ao Ps) Q~ 2.00 
= 81.8 kips = 54.5 kips 


Block shear rupture of the gusset plate 


From AISC Specification Section J4.3, the nominal strength for the limit state of block shear rupture of the gusset plate is: 


R, = 0.6F,A,, +U,,F An S O0.6F, Ag, + Ug. Fi An (Spec. Eq. J4-5) 


where 
| = Fs 
Fy =F, 


U,,=1 (uniform stress) 
Ay = 2(1.50 in. + 3.00 in.)(0.375 in.) 


= 3.38 in? 
A, = Ag, — 2| deduction for (1 + 4) bolt holes |, 


= 3.38 in.” — 2(1.5)(% in. + %o in. + Yo in.)(0.375 in.) 
= 2.26 in 
Ay = [3.00 in. - 2(0.5)(% in. + Yis in. + Yio in.) ](0.375 in.) 
= 0.750 in. 
The left side of the inequality given in AISC Specification Equation J4-5 is: 
0.6F,A,, + UF, An = 0.6(58 ksi)(2.26 in’) +1.00(58 ksi) (0.750 in’) 
= 122 kips 
The right side of the inequality given in AISC Specification Equation J4-5 is: 
0.6F,Ay +U),F,An = 0.6(36 ksi)(3.38 in.”) + 1.00(58 ksi)(0.750 in.” 
= 117 kips 


Because 122 > 117 kips, use R,, = 117 kips. The available strength of the gusset plate for the limit state of block shear rupture is: 


LRFD ASD 
R, 117 kips 
R, = 0.75(117 ki aA. 
OR, = 0.75{ | ps) Q~ 2.00 
= 87.8 kips = 58.5 kips 


AISC DESIGN GUIDE 24 / HOLLOW STRUCTURAL SECTION CONNECTIONS / 69 


Shear of the weld metal and shear of the HSS and gusset plate base metals 


Because the HSS slot is i in. wider than the gusset thickness, the gap for either weld will not exceed “io in., and no adjustment 
of the weld size is required. Therefore, the effective weld size is the full weld: w.z = w = Ye in. From Table 2-3, f,,;, = 0.166 in. 
for ASTM A500 Grade B HSS with a %o in. weld size. The design thickness of the HSS is f = 0.233 in., which is greater than 
tnin= 0.166 in. Therefore, the shear strength of the weld metal controls over the shear strength of the HSS base metal. 

The gusset plate has two shear planes. Because F,,,/F,,, = 0.621 < 0.750, the limit state of shear yielding controls over the limit 
state of shear rupture. As derived in Section 2.3, the effective weld size is: 


EXX 


F, 
Deg = 30.2 (=) brnin (2-3a) 


= 3.00 sixteenths-of-an-inch 


Solve for thin! 


t. = Da Fixx 
min 30.2 F, 


_ 3.00 E = 


~ 30.2| 36 ksi 
= 0.193 in. 
t = 0.375 in. = Qtnnin 


Pp 

2tinr= 2(0.193 in.) 
= 0.386 in. 

0.375 < 0.386 


Therefore, shear yielding of the gusset plate base metal controls over the weld metal. From AISC Specification Section J2.4, the 
nominal strength of the base metal for the limit state of shear yielding is: 


R, = Feu Asm (Spec. Eq. J2-2) 
AISC Specification Table J2.5 stipulates that the available shear strength of the base metal is governed by Section J4. From 
Section J4.2(a), the nominal shear strength for the limit state of shear yielding of the gusset plate is: 
R, = 0.60F,A, (Spec. Eq. J4-3) 
Therefore, the variables in Equation J2-2 are defined as follows: 
Fyy = 0.6F,, 
= 0.6(36 ksi) 
= 21.6 ksi 


The cross-sectional area of the base metal at the weld is: 
Apu = 2lt, 
= 2(6.00 in.)(0.375 in.) 
=A,504in; 
Therefore, the nominal strength of the base metal for the limit state of shear yielding is: 
R, = 21.6 ksi (4.50 in’) 
= 97.2 kips 


70 / HOLLOW STRUCTURAL SECTION CONNECTIONS / AISC DESIGN GUIDE 24 


The available strength of the base metal for the limit state of shear yielding is: 


LRFD ASD 
6 =1.00 Q =1.50 
: R, 97.2 kips 
R, = 1.00(97.2 kips = 
o ( . ps) Q 1.50 
= 97.2 kips = 64.8 kips 


Bolt shear 


From AISC Manual Table 7-1, the available shear strength for four /%-in.-diameter ASTM A325-N bolts is determined as 
follows: 


LRFD ASD 


0,7, = 21.6 kips/bolt —" = 14.4 kips/bolt 


Q, 
6,8, = 4(0,7,) : 
,R, = 4(21.6 kips/bolt) ne 4 a 
= 86.4 kips 


= 4(14.4 kips/bolt) 
= 57.6 kips 


Bolt bearing 


Assume the gusset plate is thinner than the plate member it is bolted to and will therefore control the strength. From AISC 
Specification Section J3.10(a)(i): 


R, =1.2L,tF, < 2.4dtF, (Spec. Eq. J3-6a) 


For the end bolts: 


L. = clear distance, in the direction of the force, between the edge of the hole and the edge of the material, in. 


= 1.50-d,/2 
= 1.50 in.—'%o in./2 
= 1.03 in. 


Therefore, the nominal bearing strength at the end bolt holes is: 
R, = 1.2(1.03 in.)(0.375 in.)(58 ksi) 


= 26.9 kips < 2.4(% in.)(0.375 in.)(58 ksi) 
= 45.7 kips 
Use R,, = 26.9 kips. 
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The available bearing strength for the four bolts is determined as follows: 


LRFD 
For the end bolts 
od =0.75 
oR, = 0.75(26.9 kips) 
= 20.2 kips 


From AISC Manual Table 7-5, the available 
bearing strength for the interior bolts is: 


0,7”, = 91.4 kips per inch of thickness 
oR, = 91.4 kips/in.(0.375 in.) 
= 34.3 kips 
The available bearing strength for the four bolts is: 
oR, = 2(20.2 kips) + 2(34.3 kips) 
= 109 kips 


ASD 
For the end bolts 
Q =2.00 
R, _ 26.9 kips 
Q 2.00 
= 13.5 kips 


From AISC Manual Table 7-5, the available 
bearing strength for the interior bolts is: 


“— = 60.9 kips per inch of thickness 


Q, 
R, — ; 
O = 60.9 kips/in. (0.375 in.) 
= 22.8 kips 
The available bearing strength for the four bolts is: 
R, 


7 2(13-5 kips) + 2(22.8 kips) 


= 72.6 kips 


LRFD 


te of gusset plate tensile rupture. 


The available strength in tension is controlled by the limit sta 


ASD 


OR, = 81.8 kips 


e) 


— =54.5 kips 
O p 
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Chapter 6 


Branch Loads on HSS—An Introduction 


This brief chapter is intended to serve as an introduction to 
Chapters 7, 8 and 9, in which connection nominal strengths 
are tabulated, along with applicable limits of validity for 
the formulas. These design procedures are in accordance 
with Chapter K of the AISC Specification (AISC, 2005a) 
with some minor modifications. Classic failure modes for 
HSS welded connections, wherein the main (or through) 
HSS member is loaded by attached HSS branches or plates, 
are described in this chapter. This provides a physical un- 
derstanding of the limit states that are to be checked in the 
following chapters and, importantly, allows the user of this 
Design Guide to understand HSS connection behavior and 
extrapolate “engineering judgment” to other connection 
types that are beyond the scope of this Design Guide. The 
chapter also provides some generic design guidance for HSS 
connections. Information on the connection classification 
for HSS-to-HSS truss connections can be found in Section 
8.3, which discusses K-, N-, Y-, T- and X-connections. 


6.1 PRINCIPAL LIMIT STATES 


6.1.1 Chord or Column Wall Plastification 


This failure mode is particularly prevalent in HSS con- 
nections due to the flexible nature of the connecting HSS 
face, which readily distorts under loading normal to the 
chord connecting surface. If the main member is a square 
or rectangular HSS, then the chord connecting face acts like 
a flat plate under transverse load, supported by two remote 
webs. The HSS connecting face acts relatively independent 
of the other three sides. Plastification of the connecting HSS 
face is the most common failure mode for gapped K- and 
N-connections with small to medium ratios of branch (or 


(a) Balanced K-connection at ultimate load. 


web) member widths to chord width (8). In the case of 
gapped K-connections, the actions of the compression branch 
and tension branch develop a “push—pull” mechanism on the 
chord connecting face, usually resulting in large deforma- 
tions of the connecting face as shown in Figure 6-1. This 
limit state is the one specifically covered by AISC Specifica- 
tion Equation K2-20. 

If the main member is a round HSS, then the chord be- 
haves like a closed ring under transverse load and chord 
plastification results in distortion of the entire chord cross- 
section. The failure mode in Figure 6-2(a) is the one spe- 
cifically covered by AISC Specification Equations K2-6 and 
K2-8. Chord plastification applies to many other HSS con- 
nection types, including T-, Y- and cross-connections under 
branch axial loading (AISC Specification Equations K2-3, 
K2-5 and K2-13); T-, Y- and cross-connections under branch 
moment loading (AISC Specification Equations K3-3, K3-5, 
K3-11 and K3-15); and branch plate-to-HSS connections 
(AISC Specification Equations K1-1, K1-8 and K1-9). 
Longitudinal plate-to-HSS connections under branch axial 
load are particularly susceptible to chord plastification, and 
Figure 6-2(b) shows the gross deformations that are achieved 
at the ultimate capacity of such a connection. As a result, the 
connection nominal strength for this limit state also includes 
a connection deformation control. 


6.1.2. Chord Shear Yielding (Punching Shear) 


This failure mode, often termed simply “punching shear,’ 
may govern in various HSS connections, particularly for me- 
dium to high branch-to-chord width ratios. With this failure 
mechanism, a patch of chord material pulls out (or punches 
in) around the footprint of a branch member, at the toe of 


(b) Longitudinal cross-section through an HSS 
K-connection at ultimate load. 


Fig. 6-1. Chord wall plastification for rectangular HSS gapped K-connections. 
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the weld to the chord. Such a failure can occur under either 
a tension branch or a compression branch member, provid- 
ing the branch is physically capable of shearing through the 
chord wall [i.e., the branch outside width (or diameter) is 
less than the inside width (or diameter) of the chord]. Shear 
failure strength is typically calculated in steel design codes 
based on either the ultimate shear stress (FB = 0.6F,), 
with a relatively low resistance factor on the order of 0.75, 
or the shear yield stress (F,/V3 ~ 0.6F,), with a resistance 
factor close to unity. The AISC Specification uses both of 
these approaches in Section J4 for “block shear,’ check- 
ing the limit states of shear yielding and shear rupture. In 
Chapter K, however, the AISC Specification checks simply 
for shear yielding with a shear yield stress of 0.6F, and a 
resistance factor of 0.95. The chord shear yielding limit state 
check applies to a considerable number of HSS connections: 
T-, Y- and cross-connections under branch axial loading 
(AISC Specification Equations K2-4 and K2-14); gapped 
K-connections (AISC Specification Equations K2-9 and 
K2-21); T-, Y- and cross-connections under branch moment 
loading (AISC Specification Equations K3-4 and K3-6); and 
transverse branch plate-to-HSS connections (AISC Specifi- 
cation Equation K1-3). One should note that the shear yield 
stress of 0.6F,, is not always applied to the entire perimeter 
around the footprint of a branch member—for transverse 


(b) Longitudinal plate connection at ultimate load. 


Fig. 6-2. Chord plastification for round HSS connections. 


plates or transverse walls of a rectangular HSS across a rect- 
angular HSS chord member, just an effective width is used 
(see AISC Specification Equations K1-3, K2-14 and K2-21). 
This is because the transverse plate (or transverse wall of an 
HSS branch) is not uniformly loaded across its width; it is 
very highly stressed at the outer portions of its width adjacent 
to the (stiff) sidewalls of the rectangular HSS chord member. 
As a consequence, the transverse plate (or transverse wall of 
an HSS branch) punches out the chord connecting face pre- 
maturely in these highly loaded regions [see Figure 6-3(a)]. 
For round HSS connections under branch axial loading, on 
the other hand, uniform punching shear is assumed around 
the footprint of the branch, commensurate with the failure 
mode shown in Figure 6-3(b). 


6.1.3. Local Yielding Due to Uneven Load Distribution 


This failure mode applies to transverse plates, or transverse 
walls of a rectangular HSS, across a rectangular HSS chord 
member. It is analogous to the plate effective punching 
shear width concept described for the previous failure mode, 
except now the effective width is applied to the transverse 
element itself rather than the HSS chord, resulting in prema- 
ture failure of that element. In tension, local yielding and then 
premature failure of the transverse element occurs, as shown 


(a) Transverse plate-to-rectangular HSS connection at ultimate 
load. Note that rupture initiates at the plate extremities. 


(b) Round HSS T-connection at ultimate load. 


Fig. 6-3. Chord shear yielding (punching) for HSS connections. 
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in Figure 6-4(a). In compression, local yielding usually re- 
sults in premature local buckling of the element. This is the 
most common failure mode for rectangular HSS overlapped 
K-connections, wherein local buckling of the compression 
branch occurs [see Figure 6-4(b)]. The local yielding due 
to uneven load distribution limit state check is applied to 
many HSS connections with rectangular chord members in 
the AISC Specification: T-, Y- and cross-connections under 
branch axial loading (AISC Specification Equation K2-18); 
gapped and overlapped K-connections (AISC Specification 
Equations K2-22, K2-24, K2-25 and K2-26); T- and cross- 
connections under branch moment loading (AISC Specifi- 
cation Equations K3-13 and K3-17); and transverse branch 
plate-to-HSS connections (AISC Specification Equation 
K1-2). An inspection of the latter equation (K 1-2) shows that 
the effective width of a transverse element depends highly 
on the slenderness of the main HSS chord member—if the 
chord connecting face is thin and flexible (high B/f), then 
the effective width will be low. Conversely, maximum trans- 
verse element effective width is achieved for stocky chords 


(a) Transverse plate-to-rectangular HSS connection at ultimate 
load. Note that rupture initiates at the plate extremities. 


<> 


(b) Rectangular HSS overlapped K-connection 
at ultimate load. 


Fig. 6-4. Local yielding of branch due to uneven 
load distribution. 


(b) Sidewall local buckling. 


(low B/t), but with an upper limit of the actual element 
width. This underlines the design principle (see Section 6.2) 
of achieving high HSS connection strengths by using stocky 
(thick-walled) chord members. 


6.1.4 Chord or Column Sidewall Failure 


Failure of the chord member sidewalls, rather than the con- 
necting face, may occur in rectangular HSS connections when 
the branch width is close to, or equals, the chord member 
width (i.e., B ~ 1.0). Such connections are also often termed 
“matched box connections” [e.g., by AWS D1.1 Chapter 2 
(AWS, 2006)]. If the branch is in tension, the failure mode 
of the chord is sidewall local yielding (AISC Specification 
Equations K1-4, K2-15, K3-12 and K3-16) over a dispersed 
load width. The same failure mechanism is also possible if 
the branch is in compression—particularly if the chord side 
walls are relatively stocky (low H/) or if the bearing length 
is low [see Figure 6-5(a)]. Under branch compression load- 
ing, sidewall local crippling or sidewall local buckling are 


Fig. 6-5. Rectangular HSS sidewall failure under branch 
compression loading. 
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(c) Cross-section through connection in (b). 


also potential failure modes (AISC Specification Equations 
K1-5, K1-6, K2-16 and K2-17). The equations representing 
both of these limit states have been adapted (for two webs 
in compression) from concentrated loading to a W-section 
beam flange, elsewhere in the AISC Specification. Sidewall 
local buckling in a rectangular HSS cross-connection is 
shown in Figure 6-5(b), where the dark lines in the connec- 
tion indicate regions of large plastic strain causing flaking of 
the whitewash. Figure 6-5(c) shows the overall web buck- 
ling mechanism, which is assumed to occur over a buckling 
length of H — 3t with welded branches. [Note that 1.5r is 
the minimum outside corner radius that hence produces the 
maximum flat length for the HSS wall, according to AISC 
Specification Section B4.2(d).] 

Some other connection limit states are analyzed in Chap- 
ter 7 (for special connection types), Chapter 8 (shear failure 
of the chord member side walls for rectangular HSS), and 
Chapter 9 (chord distortional failure for rectangular HSS 
connections under out-of-plane bending) but these are much 
less common. One known failure mode for rectangular HSS 
K-connections, and in particular overlapped K-connections, 
is local buckling of the chord connecting face behind the 
heel of the tension branch, as illustrated in Figure 6-6. Such 
failure is caused by a shear lag effect, because a dispropor- 
tionate amount of the chord axial load is carried by the chord 
connecting face in this region. This limit state check is omit- 
ted in Chapter 8 as such failure can be precluded by placing 
strict wall slenderness limits on the chord connecting face. 
(Hence, in Table 8-2A, B/t has an upper limit of 35 for gapped 
K-connections and 30 for overlapped K-connections.) 


6.2 DESIGN TIPS 


Whenever possible, HSS connections should be designed to 
be unreinforced, for reasons of both economy and aesthetics. 
To do so, the members need to be selected astutely at the 
member selection stage in order to avoid subsequent problems 


Fig. 6-6. Local yielding of chord due to uneven load distribution. 


at the connection design stage. The design engineer respon- 
sible for member selection must perform checks on the 
adequacy of critical connections, to be confident with the 
selected members. Usually the goal is to achieve a hollow 
section steel structure without any stiffeners or reinforce- 
ment; clearly this would entail very careful design even with 
open steel sections. Some golden rules to optimize welded 
HSS connection design follow. 


¢ Select relatively stocky chord (or column) main members. 
The static strength of nearly all HSS connections is 
enhanced by using stocky chord members, so this 
choice will maximize connection capacity. To achieve 
a high buckling resistance, there is a natural design 
tendency to select compression chord members that 
are thin-walled and have a high radius of gyration; 
this, however, is the classic cause of connection de- 
sign problems later on. The conflicting requirements 
of axial load capacity, corrosion protection (a smaller 
surface area is obtained with stocky sections which re- 
duces painting costs), and tube wall slenderness need 
to all be considered. In general, the cross-section slen- 
derness of chord members is usually within the range 
15 < D/# ¥< 30 for round HSS and within the range 
15 < B4 < 25 for square and rectangular HSS. 


¢ Select relatively thin branch members. 

Converse to the preceding rule (where the chord mem- 
bers are ideally relatively thick), maximum connection 
efficiency will typically be realized with relatively thin 
branch members. The branches, however, still have an 
axial force requirement, so this implies using branches 
with large outside dimensions. Thus, a good connec- 
tion design strategy is to make ¢,/t as low as possible 
and B,/B as high as possible, but one should still try 
to sit the branch on the “flat” of the chord member 
with rectangular HSS chord members. With B, < B— 4t, 
fillet welding of the branch is usually possible, and 
difficult, expensive flare-groove welds (arising when 
B, ~ B) can be avoided. 


° Consider using gapped K-connections. 

With truss-type construction involving K- or N- 
connections, gapped connections are easier and less 
expensive to fabricate than overlapped connections, 
so gapped connections are much more popular with 
fabricators. This is particularly the case with round- 
to-round HSS welded connections, where branch 
member ends require complex profiling and the fit-up 
of members requires special attention. On the other 
hand, overlapped K-connections—telative to gapped 
K-connections—generally do have a higher static (and 
even fatigue) strength and produce a stiffer truss with 
reduced truss deflections. 
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Chapter 7 


Line Loads and Concentrated Forces on HSS 


7.1. SCOPE AND BASIS 


The scope of this chapter follows AISC Specification Sec- 
tion K1 and is intended for local “line loads” applied to the 
face of an HSS or to the end of an HSS member via a cap 
plate. The line loads are typically applied by a welded plate, 
oriented either longitudinal or transverse to the main HSS 
member axis, with the plate generally loaded in axial tension 
or compression. Strong-axis bending moments applied to a 
plate-to-round HSS connection are also covered, as is the 
case of shear loading on a longitudinal plate-to-HSS con- 
nection. Aside from the cap-plate case, these local loads are 
assumed to be applied away from the ends of an HSS mem- 
ber; hence, the concentrated load can be dispersed to either 
side of the connection. If the local line load (transverse or 
longitudinal) occurs near the end of the member, then it is 
assumed that the member end would be capped, thus regain- 
ing a similar connection strength. Wide-flange beam-to-HSS 
column directly welded moment connections are also in- 
directly covered by the scope of this chapter. The flexural 
capacity of such connections can be determined by ignoring 
the beam web and considering the beam flanges as a pair of 
transverse plates welded to the HSS. The moment capacity 
of the connection—which would be semi-rigid or partially 
restrained (PR)—can then be computed by multiplying the 
capacity of one plate-to-HSS connection by the lever arm 
between the centroids of the two flanges (the beam depth 
minus one flange thickness). When plates are oriented longi- 
tudinal to the HSS member axis, it is assumed that the plate 
is aligned with the HSS member axis. However, if a longi- 
tudinal plate is slightly offset from the centerline—perhaps 
so that a beam or diagonal bracing member centerline can 
coincide with the HSS column centerline—the difference in 
connection capacity is small and can be ignored. 

Research on plate connections dates back to the 1960s 
(Rolloos, 1969), with numerous studies specifically applied 
to HSS (Kurobane, 1981; Wardenier et al., 1981; Davies 
and Packer, 1982; Makino et al., 1991; Cao et al., 1998; 
Kosteski and Packer, 2003). These form the basis of the de- 
sign recommendations in this chapter; most equations (after 
application of appropriate resistance or safety factors) con- 
form to CIDECT Design Guides 1 (Wardenier et al., 1991) 
or 3 (Packer et al., 1992) with updates in accordance with 
CIDECT Design Guide 9 (Kurobane et al., 2004). The latter 
includes revisions for longitudinal plate-to-rectangular HSS 
connections (AISC Specification Equation K1-9) based on 
extensive experimental and numerical studies reported in 
Kosteski and Packer (2003). Still further revisions to the 


plate-to-round HSS design criteria have again been recently 
recommended (Wardenier et al., 2008). 


7.2 LIMIT STATES 


Many plate-to-HSS welded connections are extremely flex- 
ible. As shown in Figure 7-1, a concentric longitudinal plate 
welded to a wide flange section is inherently stiffened by 
the presence of the web immediately behind the plate ap- 
plied load. The application of the same connection practice 
to an HSS member results in flexure of the connecting HSS 
face, because the plate force is transmitted to the two HSS 
webs remote from the point of load application. As a con- 
sequence, the limit state of HSS plastification is a failure 
mode that must be commonly checked, and this serves as a 
control on connection deformations. The design recommen- 
dations herein make no distinction between branch plate 
loading in axial tension and compression. For rectangular 
HSS connections, there is little difference in the connection 
behavior—and hence the design capacity—as the connect- 
ing HSS face behaves as a laterally loaded flat plate. For 
plate-to-round HSS connections, however, the ultimate con- 
nection strength is usually higher under plate tension loading 
than under plate compression loading. For tension loading, 
excessive connection deformations or premature cracking 
may be present, well before the connection ultimate load, 
so—following the example of round-to-round HSS welded 
T-, Y- and cross-connections (see Chapter 8)—the same 
design capacity is conservatively used for both plate axial 


a} 


(b) To a rectangular HSS. 


(a) To a wide flange. 


Fig. 7-1. Longitudinal-plate connections. 
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tension and compression load cases. Hence, because defor- 
mation limits frequently control the nominal strengths of 
these connections, the design capacity is often considerably 
less than the ultimate capacity that is recorded in laboratory 
tests. For diagonal bracing connections to HSS columns, 
where the axial load is transferred to a longitudinal gus- 
set plate, the connection capacity can be checked under the 
bracing force component normal to the column axis (using 
Table 7-1 or Table 7-2), as this will govern. 

Because the available strength of a longitudinal plate-to- 
HSS connection is rather low, there are instances in which 
the connection may need to be locally reinforced (e.g., in 
hanger connections, high loads from cables supporting 
roofs or bridges, etc.). A common means of reinforcement 
(although not favored by fabricators) is to pass the longi- 
tudinal plate through the complete cross-section, after 
slotting the HSS, and to weld the “through plate” to both 
the front and back sides of the HSS. If this is done for a 
rectangular HSS (Figure 7-2) the nominal strength can be 
taken as twice that given by AISC Specification Equation 


O 


Fig. 7-2. Longitudinal-plate, through-plate, stiffened 
longitudinal plate and transverse-plate connections. 


K1-9, as is also indicated in Table 7-2 (Kosteski and Pack- 
er, 2003). Caution should be exercised before applying this 
principle to plate-to-round HSS through-plate connections; 
recent research has suggested that the nominal strength 
is less than twice that of the corresponding branch-plate 
connection. 

In addition to the limit state of HSS plastification (or HSS 
local yielding) described previously, other pertinent limit 
states for plate-to-HSS connections are (1) local yielding 
due to uneven load distribution in the loaded plate, (2) shear 
yielding (punching shear) of the HSS, and (3) sidewall 
strength (for rectangular HSS) by various failure modes. 
The provisions for the limit state of sidewall crippling of 
rectangular HSS (one of the sidewall failure modes), Equa- 
tions K1-5 and K1-6 in the AISC Specification, conform to 
web crippling expressions elsewhere in the AISC Specifica- 
tion, and not to CIDECT or International Institute of Weld- 
ing (IIW) recommendations. The pertinent limit states to be 
checked for plate-to-HSS connections are summarized in 
Table 7-1 (for round HSS) and Table 7-2 (for rectangular 
HSS). It is important to note that a number of potential limit 
states can often be precluded from the connection checking 
procedure because the corresponding failure modes are ex- 
cluded—by virtue of the connection geometry and the limits 
of applicability of various parameters. The limits of applica- 
bility (given in Tables 7-1A and 7-2A) generally represent 
the parameter range over which the design equations have 
been verified in experiments or by numerical simulation. In 
Table 7-2 (and also in AISC Specification Section K1.3b), 
for transverse plate connections to rectangular HSS, it is 
evident that there is no check for the limit state of HSS wall 
plastification. This is omitted because this limit state will 
not govern design in practical cases. However, if there is 
a major compression load in the HSS—such as when it is 
used as a column—one should be aware that this compres- 
sion load in the main member has a negative influence on 
the yield line plastification failure mode of the connecting 
HSS wall (via a Q; factor). In such a case, the designer can 
utilize guidance in CIDECT Design Guide 9 (Kurobane et 
al., 2004). 
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7.3. CONNECTION NOMINAL STRENGTH TABLES 


Table 7-1. Nominal Strengths of Plate-to-Round HSS Connections 


Connection Type Connection Nominal Strength* Plate Bending 
Transverse-Plate T- and Cross-Connections Limit State: HSS Local Yielding In-Plane | Out-of-Plane 
R M, r™ Plate Axial Load 
j LU a _FP 5.5 : 
D ant ay B ° a = M, =0.5B,R, 
| | | 1- 0.81 
|-B,—-| = 0.90 (LRFD) Q = 1.67 (ASD) 
Longitudinal-Plate T-, Y- and Cross-Connections Limit State: HSS Plastification 
Plate Axial Load 
: 2 N 
R,sin8 = 5.5F,t* | 1+0.25— |Q, (K1-8) 
D M,, = NR, = 
@=0.90(LRFD) (2=1.67 (ASD) 
Longitudinal-Plate (Shear Tab) T-Connections Limit States: Plate Yielding and HSS 
Punching Shear 
| Plate Shear Load 
t + => tp 
7 
F, a — 
tp<—t from (K1-10) 
|v, Exp 
Limit State: Local Yielding of HSS 
Axial Load 
Ry = 2F,t(St, + N) <AF, Spec. Comm. 
Sect. K1.6 _ = 
@=1.00(LRFD) ©=1.50(ASD) 
Functions 
Q;= 1 for HSS (connecting surface) in tension 
Q;= 1.0 — 0.3U (1 + U) for HSS (connecting surface) in compression (K2-1) 
P M 
U=|— d K2-2 
AR. SE, (K2-2) 


where P, and M, are determined on the side of the joint that has the lower compression stress. P, and M, refer to the required 


axial and flexural strength in the HSS. P, = P, for LRFD; P, for ASD. M, = M, for LRFD; M, for ASD. 


* Equation references are to the AISC Specification. 
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Table 7-1A. Limits of Applicability of Table 7-1 


Plate load angle: 0 = 30° 
HSS wall slenderness: 


Width ratio: 
Material strength: 
Ductility: 


D/t<50 for T-connections under branch plate axial load or bending (Spec. Sect. K1.3a) 

D/t<40 for Cross-connections under branch plate axial load or bending (Spec. Sect. K1.3a) 

D/t <0.1 1E/F, under branch plate shear loading (Spec. Comm. Sect. K1.5 requires 
a nonslender HSS wall) 

D/t <0.11E : F, forcap plate connections in compression (Spec. Comm. Sect. K1.5 requires 
a nonslender HSS wall) 

0.2<B, / D<1.0 for transverse branch plate connections (Spec. Sect. K1.3a) 

F, <52 ksi (Spec. Sect. K1.2) 
F,/F,<0.8 (Spec. Sect. K1.2) 


Table 7-2. Nominal Strengths of Plate-to-Rectangular HSS Connections 


Connection Type 


Connection Nominal Strength* 


Transverse Plate T- and Cross-Connections, 
under Plate Axial Load 


Limit State: Local Yielding of Plate, for All B 
R, = Brn <F,pt,Bp (K1-2) 


6 =0.95(LRFD)  ©=1.58 (ASD) 


Limit State: HSS Shear Yielding (Punching), when 
0.85B<B, <B-2t 


R, = 0.6F,t(2t, + 2B.» (K1-3) 
6 =0.95(LRFD) =1.58(ASD) 


Limit State: Local Yielding of HSS Sidewalls, when B = 1.0 
R, = 2F,t(5k +N) (K1-4) 
= 1.00 (LRFD) Q = 1.50 (ASD) 


Limit State: Local Crippling of HSS Sidewalls, when B = 1.0 and 
Plate is in Compression, for T-Connections 


N 
R, =1.6t2 [+ = a EF, Q, (K1-5) 


 =0.75 (LRFD) Q = 2.00 (ASD) 


Limit State: Local Buckling of HSS Sidewalls, when B = 1.0 
and Plates are in Compression, for Cross-Connections 


3 
R, -| bass ] (gaa) (K1-6) 


= 0.90 (LRFD) 


Q.= 1.67 (ASD) 


Longitudinal Plate T-, Y- and Cross-Connections, 
under Plate Axial Load 


~ 


R, 


Limit State: HSS Wall Plastification 


Ft? | on t 
R, sino = — +4,{1-— K1-9 
-| 3 Bo (K1-9) 
“B 
= 1.00 (LRFD) Q=1.50 (ASD) 
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Table 7-2. (continued) 


Connection Type 


Connection Nominal Strength* 


Longitudinal Through-Plate T- and Y-Connections, 
under Plate Axial Load 


Sete 


ee ot 


Limit State: HSS Wall Plastification 
2F,t? 
R, sind = —— EN +4,/1 fp Q; Spec. Comm. 
1 t,| B B Sect. K1.3 


= 1.00 (LRFD) 


Q = 1.50 (ASD) 


Longitudinal Plate (Shear Tab) T-Connections, 
under Plate Shear Load 


|_H | 


Limit States: Plate Yielding and HSS Punching Shear 


t from (K1-10) 


Cap-Plate Connections, under Axial Load 


Limit State: Local Yielding of Sidewalls 
R, = 2F,t(5t, + N), for (5t, +N) <B Spec. Sect. K1.6 


R, = AF,, for (St, +N) >B 


= 1.00 (LRFD) Q = 1.50 (ASD) 


Limit State: Local Crippling of Sidewalls, 
when Plate is in Compression 


1.5 
[| t 
nectar ot | EF, —. for (5t, +N)<B (K1-12) 
p 


= 0.75 (LRFD) Q = 2.00 (ASD) 
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Table 7-2. (continued) 


Functions 
Q;= 1 for HSS (connecting surface) in tension 
Q, =1.3- 0.4¥ <1.0 forHSS (connecting surface) in compression, for transverse plate connections (K2-10) 
B 
Q,=\1-U? for HSS (connecting surface) in compression, for longitudinal plate and longitudinal Sect. K1.4b 
through plate connections 
P M 

U=|-—+— K2-12 

iz SF, (K2-12) 


where P, and M, are determined on the side of the joint that has the lower compression stress. P, and M, refer to the required 


axial and flexural strength in the HSS. P, =P, for LRFD; P, for ASD. M, = M, for LRFD; M, for ASD. 
10B 
Bep =——2 < B .K1. 
Bit * Sect. K1.3b 


k =outside corner radius of HSS > 1.5t 


* Equation references are to the AISC Specification. 


Table 7-2A. Limits of Applicability of Table 7-2 


Plate load angle: 0 >30° 
HSS wall slenderness: B/t or H/t <35 for loaded wall, for transverse branch 
plate connections (Spec.Sect. K1.3b) 
B/t or H/t < 40 for loaded wall, for longitudinal branch plate and 
through plate connections (Spec. Sect. K1.4b) 
(B-3t)/t or (H-3t)/t < 1.40,/E/F, for loaded wall, for branch plate shear loading 


(Spec. Comm. Sect. K1.6 requires a nonslender HSS wall 
per Spec. Sect. B4.1) 


Width ratio: 0.25<B, } B<1.0 for transverse branch plate connections (Spec. Sect. K1.3b) 
Material strength: F, <52ksi (Spec. Sect. K1.2) 
Ductility: F,/F, <0.8 (Spec. Sect. K1.2) 
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7.4 LONGITUDINAL-PLATE AND CAP-PLATE 
CONNECTIONS 


The design method for longitudinal-plate T-connections 
with the plate loaded in shear, better known as “shear-tab” 
connections, is applicable to simple (or shear) connections 
between wide-flange beams and HSS columns. The recom- 
mendations herein are based on research by Sherman and 
Ales (1991) and Sherman (1995, 1996) that investigated a 
large number of simple framing connections between wide- 
flange beams and rectangular HSS columns. Although the 
beam end reaction was predominantly a shear force, a small 
amount of end moment was always present, as is typical in 
practice. Over a wide range of connections tested, only one 
limit state was identified for the rectangular HSS column: 
punching shear failure related to the small end rotation of the 
beam. Moreover, this only occurred when a thick shear plate 
was joined to a relatively thin-walled HSS. Thus, to avoid 
this HSS failure mode, the shear tab could be made rela- 
tively thin so that the shear tab yielded under axial tension 
and compression force (by treating the moment in the shear 
tab as a tension/compression force couple) prior to punching 
shear failure of the HSS connecting wall, adjacent to that 
local tension/compression force. Hence, in limit states or 
LRED terminology: 


Yielding of shear tab, per unit length of tab < Shear rupture 
of HSS wall along the tab sides, per unit length of tab 
ie., (6 = 0.90) Fyt, <(, = 0.75)(0.6F,)2¢ (7-1) 


pvp — 


or F,,t, S Fit 
which is implemented in the AISC Specification as Equation 
K1-10 and in Table 7-2 of this Design Guide. A limit of va- 
lidity for this recommendation given in AISC Specification 
Commentary Section K1.5 requires the rectangular HSS to 
be nonslender; hence, in accordance with AISC Specifica- 
tion Table B4.1, there is an accompanying criterion that 
(B — 31)/t of the loaded face < 1.40(E/F,)°°. In AISC Specifi- 
cation Commentary Section K1.5, as well as in Table 7-1 of 
this Design Guide, an extrapolation of Equation K1-10 has 
been made for shear tabs to round HSS columns—again with 
the provision that the round HSS cross-section is nonslender 
(i.e., D/t < 0.11E/F,). Equation 7-1 or AISC Specification 
Equation K1-10 thus requires that the shear tab be kept rela- 
tively thin. Single-plate and single-angle, shear-tab connec- 
tions were also determined to be the least expensive type of 
simple shear connection by Sherman (1995). Double-angle 
and fillet-welded tee connections were more expensive, with 
the most expensive shear connections being the through- 
plate and flare-bevel-welded tee connections. 

The design method for cap-plate connections to the ends 
of HSS members, where the axial force in a plate is trans- 
ferred to the HSS via a cap plate (or via the flange of a 
tee-stub), recognizes that shear lag will be present in the 


HSS if some of the cross-section is not loaded. A conserva- 
tive distribution slope of 2.5:1 is assumed from each face of 
the tee web (Wardenier et al., 1991; Kitipornchai and Traves, 
1989), which produces a dispersed load width of (51, + N) as 
shown in Figure 7-3, leading to the recommendation in Table 
7-1. This load model is analogous to that used elsewhere in 
the AISC Specification, in Equation J10-2. It can be seen in 
Figure 7-3 that the round HSS capacity (F,A) is fully utilized 
once the dispersed load width of (51, + N) 2 D. This will be 
achieved only with a very thick cap plate. 

The same load dispersion model is used for cap-plate con- 
nections to square and rectangular HSS, leading to Equation 
K1-11 in the AISC Specification and in Table 7-2 of this 
Design Guide. In that case, when (5t, + N) < B, and 
assuming that the cap plate is rectangular with its long dimen- 
sion parallel to the H dimension of the HSS, just two side- 
walls of the HSS will be loaded, and the connection nominal 
strength for the limit state of local yielding will be R, = 2F,t 
(St, + N). If (St, + N) 2 B, the whole HSS will be loaded and 
no shear lag will be present. This is confirmed in Table 7-2. 

The AISC Specification also includes another limit state 
to be checked if the plate is in compression—local crippling 
of the HSS sidewalls (Equation K1-12). This has been car- 
ried over from AISC Specification Equation J10-5a, which 
applies to a beam web loaded by a concentrated force. This 
check (Equation K1-12), for HSS cap-plate connections, is 
not discussed in other prominent international design rec- 
ommendations (Wardenier et al., 1991; Packer et al., 1992; 
Packer and Henderson, 1997; Wardenier et al., 2008). 


Fig. 7-3. Load dispersion through a cap-plate-to-round 
HSS connection. 
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Furthermore, AISC Specification Equation K1-12 can clearly 
be applied to two rectangular HSS walls when (54, + N) < B, 
but if (St, + N) 2 B, the application to all four walls is 
questionable. If one assumes that (54, + N) < B, Equation 
K1-11 (local yielding) would govern over Equation K1-12 
(wall local crippling) in the AISC Specification, for one wall, 
if (with application of the relevant resistance factors): 


TS 
t, 
1.00F,r(5t, +N) $ 0.75(0.8)1? ONT 1) | fee”? (7-2) 
ae B\t, ee 


Assuming that E = 29,000 ksi and f, = 50 ksi: 


(st, +N) <14.45 rasa *) 5) (7-3) 


Pp 


7.5 CONNECTION DESIGN EXAMPLES 


Web crippling would only be critical over web yielding for 
very thin HSS walls, so assume a punitive value of B/t = 50. 


Thus: 


(St, +N) <14.45,]1, + urn 2] (7-4) 


Pp 


It can be seen that this inequality holds (and hence web crip- 
pling does not govern) for 0.05B < N < 0.2B over the range 
of 1.0 < 4,4 < 4.0. Thus, for practical connections AISC 
Specification Equation K1-12 is never likely to govern. 
Equation K1-12 becomes critical over Equation K1-11 for 
large bearing lengths, N, combined with thick cap plates, 
but for these combinations, shear lag is negated and all four 
walls of the HSS will participate, thus rendering Equation 
K1-12 invalid. 


Example 7.1—Branch/Through-Plate Connection with Rectangular HSS 


Given: 


The welded HSS connection shown in Figure 7-4 is subject to the plate axial tension force indicated produced by a diagonal brac- 
ing member. The column is subject to axial compression dead and live loads of Pp = 20.0 kips and P,; = 60.0 kips. Determine if 
the connection is adequate as a branch-plate connection or if a through-plate connection is required (as illustrated later). Note that 
the connection is checked under the action of the plate force component normal to the column, as this has the dominant effect. 


P, =60.0 kips 


| P, = 20.0 kips 


V.= 8.84 kips ———— 
\ 


S 


HSS 8x8xM% 
7 ASTMASO0 Gr.B 


___ PL4x8 
ASTM A36 


\ 
— 8.00" 


7 ‘2 = 25.0 kips 


P, = 20.0 kips 
P,=77.7 kips 


Fig. 7-4. Through-plate connection with rectangular HSS. 
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From AISC Manual Tables 2-3 and 2-4, the material properties are as follows: 


HSS8x8x!A 

ASTM A500 Grade B 
F, = 46 ksi 

F,, =58 ksi 

PL'Ax8 

ASTM A36 

F,, = 36 ksi 

Fy, = 58 ksi 


From AISC Manual Table 1-12, the HSS geometric properties are as follows: 


HSS8x8x!4 
B =8.00 in. 
H =8.00 in. 
t =0.233 in. 
A =7.10 in? 
PLY’Xx8 
t, = 0.250 in. 
A, = 2.00 in. 
Solution: 


Limits of applicability of AISC Specification Section KI (also see Table 7-2A) 


From AISC Specification Section K1.2, check the limits of applicability. 
F, =46 ksi<52 ksi o.k. 
F,/F,,= 0.793 < 0.8 0.k. 
From AISC Specification Section K1.4b, check additional criterion for rectangular HSS. 
B/t = H/t 
= 34.3 < 40 o.k. 


Required strength (expressed as a force in the plate) 


From Chapter 2 of ASCE 7, the required strength of the connection is: 


LRFD ASD 


R, = 1.6(25.0 kips) 
= 40.0 kips 


R, = 25.0 kips 


HSS chord wall plastification, assuming a branch-plate connection 


From AISC Specification Section K1.4b, determine the nominal strength of the HSS for the limit state of chord wall plastification 
assuming a branch-plate connection. 


Fi’ |. oN i 
R,sin@ = — : + 44/1 Ret (from Spec. Eq. K1-9 and Table 7-2) 
t, 
B 
where 
QO; =v1-U > for HSS (column) in compression 
Pp. M, 
Us| + Spec. Eq. K2-12 and Table 7-2 
pe oF (Spec. Eq ) 
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From Chapter 2 of ASCE 7, the required strength, P,, in the HSS chord is determined as follows: 


LRFD ASD 
P, = P, =1.2(20.0 kips) + 1.6(77.7 kips) P, = F, = 20.0 kips + 77.7 kips 
= 148 kips in column on side of joint with . tl Kips in column on side of joint with 
fish : higher compression stress 
gher compression stress 
F. =F, F, = 0.6F, 
= 46 ksi = 0.6(46 ksi) 
: 148 kips = 27.6 ksi 
7.10 in.” (46 ksi) _|_97.7 kips 
— 0.453 ~|7.10 in.? (27.6 ksi) 
0, =V1-0.453° ee 
= 0.892 Q; = V1-0.499° 
= 0.867 


The available strength for the limit state of HSS chord wall plastification is: 


LRFD ASD 
46 ksi(0.233 in.)’ | 2(8.00 in./sin45°) 46 ksi(0.233 in.) | 2(8.00 in./sin45°) 
(0.250 in. 8.00 in. "| _( 0.250 in, 8.00 in. 
8.00 in. 8.00 in. 
.250 in. i 
ah ot (0.892) sin45° ot | wee a (0.867) sin45° 
= 23.1 kips = 22.8 kips 
oR, = 1.00(23.1kips) R, _ 22.8 kips 
i Q 1.50 
= 23.1 ki 
° . = 15.2 kips 
23.1 kips < 40.0 kips ; 
15.2 kips < 25.0 kips 


Because the available strength for the limit state of HSS chord wall plastification, treating the connection as a branch-plate con- 
nection, is not adequate, check this limit state treating the connection as a through-plate connection. 


HSS wall plastification, assuming a through-plate connection 


Using Table 7-2 and AISC Specification Commentary K1.3, determine the nominal strength of the HSS for the limit state of chord 
wall plastification assuming a through-plate connection. 


2Ft t 
R, sin = — EN dh “0, 
_b B B 


This gives a nominal connection strength that is double that of a branch-plate connection (AISC Specification Equation K1-9), 
hence OR, = 46.2 kips > 40.0 kips and R,/Q = 30.4 kips > 25.0 kips, so the connection will be adequate. 
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Tensile yielding in the gross section of the plate 


From AISC Specification Section D2, the nominal strength for the limit state of tension yielding on the plate is: 


P, = FA, 
= 36 ksi(2.00 in.”) (Spec. Eq. D2-1) 
= 72.0 kips 
The available strength is: 
LRFD ASD 
oP, = 0.90(72.0 kips) - = ee 
= 64.8 kips = 43.1 kips 
64.8 kips > 40.0 kips 0.k. 43.1 kips > 25.0 kips ok. 


Example 7.2—W-Shape Beam-to-Round HSS Column Moment Connection 


Given: 


A W18x35 beam is profiled at its end and directly welded to an HSS8.625x0.500 column. Determine the adequacy of the con- 
nection under the loads indicated in Figure 7-5. Note that the beam will be treated as a pair of transverse plates. The critical plate 
connection will be the lower plate, as the column section adjoining the plate develops compressive stresses due to both axial force 
and bending. These compressive stresses cumulatively affect the U factor. The moment capacity of the entire beam-to-column 
connection is then based on the capacity of the lower (compression-flange) plate connection multiplied by the distance between 
the beam flange centers. 


rN Mp = 50.0 kip-in. 
Pp = 50.0 kips M, = 150 kip-in. 
P, = 150 kips 


0.425" 
— 


|] 


HSS8.625x0.500 


.\ Mp = 100 kip-in. 
ASTM A500 Gr.B 17.7") i, = 300 kip-in. 


W18x35 


P, = 150 kips ASTM A992 


Mp = 50.0 kip-in. 
M, = 150 kip-in. 


Fig. 7-5. Beam-to-round HSS moment connection. 
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From AISC Manual Table 2-3, the material properties are as follows: 


HSS8.625x0.500 
ASTM A500 Grade B 
F, =42 ksi 

F, = 58 ksi 

W18x35 

ASTM A992 

Fy) = 50 ksi 

Fy = 65 ksi 


From AISC Manual Tables 1-13 and 1-1, the geometric properties are as follows: 


HSS8.625x0.500 

D =8.625 in. 

t =0.465 in. 

A =11.9 in? 

S =23.1 in? 

W18x35 

d =17.7 in. 

by, = 6.00 in. 

t = 0.425 in. 
Solution: 


Limits of applicability as a transverse-plate connection 

From AISC Specification Section K1.2 and Table 7-1A, check the limits of applicability. 
F, = 42 ksi $52 ksi 0.k. 
F, 18, = 0.724< 0.8 o.k. 

From AISC Specification Section K1.3a, check additional criterion for round HSS. 


D/t =18.5<50 0k. 
0.2 < B, /D = 0.696 < 1.0 0.k. 


Required flexural strength (expressed as a moment in the beam) 


From Chapter 2 of ASCE 7, the required flexural strength is: 


LRFD ASD 
M, = 1.2(100 kip-in.) + 1.6(300 kip-in.) M, = 100 kip-in. + 300 kip-in. 
= 600 kip-in. = 400 kip-in. 


HSS (column) local yielding, as a transverse-plate connection 


From AISC Specification Section K1.3a, the nominal strength of the HSS for the limit state of local yielding is: 


R, = Ft | ———— |Q, (Spec. Eq. K1-1 amd Table 7-1) 
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where 


OQ; =1.0—0.3U (1 +U ) for HSS (column) surface in compression (Spec. Eq. K2-1 amd Table 7-1) 


|B oM, 


= |—— +——| on the side with the lower compression stress (Spec. Eq. K2-2 amd Table 7-1) 


AF. . SF. 


From Chapter 2 of ASCE 7, the required strengths, P, and M,, in the HSS are determined as follows: 


300 kips 300 kip-in. 
ee) : Bean : 
11.9 in. (42 ksi) 23.1 in.’ (42 ksi) 


LRFD ASD 

P.=F, P.=P, 
= 1.2(50.0 kips) + 1.6(150 kips) = 50.0 kips + 150 kips 
= 300 kips = 200 kips 

M,=M, M,=M, 
= 1.2(50.0 kip-in.) + 1.6(150 kip-in.) = 50.0 kip-in. +150 kip-in. 
= 300 kip-in. = 200 kip-in. 

F.=F, F. = 0.6F, 

= 4) kei = 25.2 ksi 


_| 200 kips | _200 kip-in. 
11.9 in.?(25.2 ksi) 23.1 in.’ (25.2 ksi) 


= 0.909 = 1.01 
Q, =1.0-0.3(0.909)(1+ 0.909) Q, =1.0-0.3(1.01)(1+ 1.01) 
= 0.479 ee 


The available axial and flexural strength for the limit state of HSS local yielding are determined as follows: 


LRED ASD 
R, = 42 ksi(0.465 in.) R, = 42 ksi(0.465 in.) 
: ; ae (0.479) x : ; me (0.391) 
(oi en) 
8.625 in. 8.625 in. 
= 54.8 kips = 44.7 kips 
; R, | 44.7 kips 
OR, = 0.90( 54.8 kips SO no fe 
7 ( ) Q 1.67 
= 49.3 kips = 26.8 kips 
oM,, = 49.3 kips ( 17.7 in. — 0.425 in.) = =26.8 kips (17.7 in. — 0.425 in.) 
= 852 kip-in. > 600 kip-in. 0.k. = 463 kip-in. > 400 kip-in. 0.k. 
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Chapter 8 


HSS-to-HSS Truss Connections 


8.1 SCOPE AND BASIS 


The scope of this chapter follows AISC Specification Section 
K2 and is limited to planar, truss-type connections between 
HSS (or box members) directly welded to one another, in 
the form of T-, Y-, cross-, K- (or N-) gapped or overlapped 
connections. Round HSS-to-round HSS and rectangular 
HSS-to-rectangular HSS are the only combinations of HSS 
shapes considered. Pertinent design criteria for round HSS- 
to-HSS truss connections are succinctly tabulated (Table 
8-1), followed by two design examples on such connections. 
Similarly, pertinent design criteria for rectangular (which 
includes square) HSS-to-HSS truss connections are tabulated 
(Table 8-2), followed by three design examples on such con- 
nections. For connection configurations beyond the scope of 
this chapter such as multi-planar connections, connections 
with partially or fully flattened branch member ends, double 
chord connections, connections with a branch member that 
is offset so that its centerline does not intersect with the 
centerline of the chord, connections with round branch mem- 
bers joined to a square or rectangular HSS chord member, 
or even HSS branch members joined to a W-section chord 
member, one can refer to other authoritative design guid- 
ance. Such publications include IW (1989), CIDECT De- 
sign Guide No.1 (Wardenier et al., 1991), CIDECT Design 
Guide No.3 (Packer et al., 1992), the CISC Design Guide 
(Packer and Henderson, 1997), Marshall (1992), and AWS 
D1.1 (AWS, 2006). 

The design criteria in this chapter and AISC Specifica- 
tion Section K2 are based on failure modes, or limit states, 


that have been reported in international research on HSS, 
much of which has been sponsored and synthesized by the 
International Committee for the Development and Study of 
Tubular Construction (CIDECT) since the 1960s. This work 
has also received critical review by the International Institute 
of Welding (ITW) Subcommission XV-E on welded joints 
in tubular structures. The HSS connection design provi- 
sions herein are generally in accord with the latest edition of 
the design recommendations by this Subcommission (IIW, 
1989). Some minor modifications to the IW recommenda- 
tions—for some limit states—have been made by the adop- 
tion of the formulas for the same limit states elsewhere in 
the AISC Specification. The ITW connection design recom- 
mendations referred to above have also been implemented 
and supplemented in later design guides by CIDECT (War- 
denier et al., 1991; Packer et al., 1992), by CISC (Packer and 
Henderson, 1997), and in Eurocode 3 (CEN, 2005). A large 
amount of connection research data generated by CIDECT 
research programs up to the early 1980s is summarized in 
CIDECT Monograph No. 6 (Giddings and Wardenier, 1986) 
and by Wardenier (1982). Further information on CIDECT 
publications and reports can be obtained from its website: 
www.cidect.com. 


8.2. NOTATION AND LIMIT STATES 


Some common notation associated with welded HSS con- 
nections that is used in this chapter is shown in Figure 8-1. 
The design of welded HSS connections is based on poten- 
tial limit states that may arise for a particular connection 


— Pp 


Overlap = (q/p)x100% = O,, 


Fig. 8-1. Common notation for HSS truss connections. 
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geometry and loading, which in turn represent possible fail- 
ure modes that may occur within prescribed limits of ap- 
plicability. Typical failure modes for truss-type connections, 
illustrated for a rectangular HSS gapped K-connection, are 
given in Figure 8-2. These limit states are summarized in 
Table 8-1 (for round HSS) and Table 8-2 (for rectangular 
HSS). It is important to note that a number of potential limit 
states can often be omitted from the connection checking 
procedure because the corresponding failure modes are ex- 
cluded, by virtue of the connection geometry and the limits 


(c) Local yielding of tension branch, 
due to uneven load distribution. 


(e) Shear of the chord side walls, in the gap. 


of applicability of various parameters. The limits of applica- 
bility (given in Tables 8-1A and 8-2A) generally represent 
the parameter range over which the design equations have 
been verified in experiments. 


8.3. CONNECTION CLASSIFICATION 
HSS-to-HSS truss connections consist of one or more branch 


members that are directly welded to a continuous chord that 
passes through the connection. The classification of these 


(b) Shear yielding (punching) of the chord. 


(d) Local yielding of compression branch, 
due to uneven load distribution. 


(f) Chord sidewall failure. 


Fig. 8-2. Typical limit states for HSS-to-HSS truss connections. 
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connections as K- (which includes N-), Y- (which includes 
T-), or cross- (also known as X-) connections is based on the 
method of force transfer in the connection, not on the physi- 
cal appearance of the connection. Thus: 


a. When the punching load (P, sin®) in a branch member 
is equilibrated by beam shear in the chord member, 
the connection is classified as a T-connection when the 
branch is perpendicular to the chord and a Y-connection 
otherwise. 


b. When the punching load (P, sin®) in a branch member 
is essentially equilibrated (within 20%) by loads in 
other branch member(s) on the same side of the con- 
nection, the connection is classified as a K-connection. 
The relevant gap is between the primary branch mem- 
bers whose loads equilibrate. 


c. When the punching load (P,sin@) is transmitted 
through the chord member and is equilibrated by 
branch member(s) on the opposite side, the connection 
is classified as a cross-connection. 


Examples of these connection classifications are shown in 
Figure 8-3. When branch members transmit part of their load 
as K-connections and part of their load as T-, Y- or cross- 
connections, the adequacy of each branch is determined by 
linear interaction of the proportion of the branch load in- 
volved in each type of load transfer. One K-connection, in 
Figure 8-3(b), illustrates that the branch force components 
normal to the chord member may differ by as much as 20% 
and still be deemed to exhibit K-connection behavior. This is 
to accommodate slight variations in branch member forces 
along a typical truss, caused by a series of panel point loads. 
The N-connection in Figure 8-3(c), however, has a ratio of 
branch force components normal to the chord member of 
2:1. In the case shown in Figure 8-3(b), the connection needs 
to be analyzed as both a “pure” K-connection (with balanced 
branch forces) and a cross- (or X-) connection (because the 
remainder of the diagonal branch load is being transferred 
through the connection), as shown in Figure 8-4. For the 
diagonal tension branch in that connection, the following 
check is made: 


0.5 P,. sin® 
K-connection available strength 


0.5 P,.sin® 
* Cross-connection available strength 


< 1.0 


Example 8.5 later in this chapter gives a demonstration of 
how design calculations are performed for such a connec- 
tion. If the gap size in a gapped K- (or N-) connection [e.g., 
Figure 8-3(a)] becomes large and exceeds the value permit- 
ted by the eccentricity limit (in Table 8-1A or Table 8-2A), 
then the K-connection should be treated as two independent 
Y-connections. In cross-connections, such as Figure 8-3(h), 


where the branches are close together or overlapping, the 
combined “footprint” of the two branches can be taken as 
the loaded area on the chord member. Example 8.3 later in 
this chapter demonstrates this technique for determining the 
bearing length on the chord. In K-connections such as Figure 
8-3(d), where a branch has very little or no loading, the con- 
nection can be treated as a Y-connection, as shown. If Figure 
8-3(i) has gapped K-connections, it can be seen that there is 
a high shear force on the chord cross-section taken through 
the gap region. In this case the chord shear capacity should 
be checked (see Table 8-2 for rectangular HSS chords). If 
the KK-connection shown in Figure 8-3(i) has the forces in 
the lower K-connection reversed in sense (direction), there 
would be a significant equilibrating compression force in the 
chord member. In such cases, this total compression force 
should be used in computing Q; (see Tables 8-1 and 8-2) for 
each K-connection. 

The same effective weld size should be maintained all 
around the attached branch, except for the “hidden weld” 
in HSS-to-HSS partially overlapped K- or N-connections, 
which may be left unwelded (usually just tacked) provided 
the force components of the two branches normal to the chord 
do not differ by more than 20%. (The hidden weld refers to 
the weld along the “hidden toe” of the overlapped branch, 
which is hidden in the final connection by the overlapping 
branch. This is particularly an issue with square/rectangu- 
lar partially overlapped HSS-to-HSS connections where the 
typical fabrication procedure is to tack all the branches into 
place then perform final welding afterwards.) 


8.4 TRUSS MODELING AND MEMBER DESIGN 


This chapter, and, similarly, AISC Specification Section K2, 
presumes that the branches are loaded only by axial forces. 
Within the constraints of the limits of applicability in Tables 
8-1A and 8-2A, the welded connections within a truss will be 
semi-rigid (or partially rigid) and branch member stiffnesses 
will be considerably less than the chord member stiffness. 
As a result, the actual bending moments in branch members 
will be very low, and less than would be reflected by a rigid- 
frame analysis. Consequently, the recommended methods 
for performing analysis of planar welded HSS trusses are: 


1. Pin-jointed analysis. 


2. Analysis using web members pin-connected to con- 
tinuous chord members, as shown in Figure 8-5. The 
extremely stiff members shown should have section 
properties greater than the chord member and a length 
equal to the noding eccentricity, e (see Figure 8-1). If 
chord member loads are applied off the joints (panel 
points), this method of analysis provides realistic bend- 
ing moment distributions for chord member design. 
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within tolerance for: 


(g) 


Fig. 8-3. Examples of HSS connection classification. 


| 0.5P, sind y p 


| ( = = 
9 P, cose | J \ ® 0.5P, cosé / ‘0 0.5P, cos 
—<—— — —— 


| 0.5P, sin® lose, sind 


| 0.5P, sin® 


Fig. 8-4. Checking of a K-connection with imbalanced branch member loads. 
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By both of the preceding analysis methods the web mem- 
bers will have zero bending moments (unless there are ap- 
plied loads directly to the web members). If a rigid-frame 
analysis is carried out, it is recommended that the bending 
moments generated in the web members be ignored. It is 
worth noting that the member axial forces produced are gen- 
erally very similar, by either of the three analysis methods 
(rigid-frame analysis being termed method 3.). 

When selecting members for an HSS truss it must be reit- 
erated that minimum weight does not equal minimum cost. 
The number of different member sizes should be small, and 
the number of connections minimized, to reduce the fabrica- 
tion cost. For fewer connections, Warren trusses can be a 
good choice. Because one is generally required to produce 
an HSS truss design without stiffened connections, it is com- 
mon to find that member selection is governed by connection 
design criteria. The most common cause for HSS connection 
design problems is the selection of chord members with a 
high D/ ratio or high B/t ratio, particularly for the compres- 
sion chord, where a high buckling resistance is sought and 


Noding condition 
for most overlap 
connections 


Extremely stiff Pin 


members we 


Extremely stiff 


Noding condition 
members 


for most gap 
connections 


Fig. 8-5. Modeling assumption using web members 
pin-connected to continuous chord members. 


hence a member with a high radius of gyration may have 
been initially chosen. Optimal chord members that produce 
efficient connections are relatively stocky: typical choices 
for round HSS chord members are in the range of 15 < D/t 
< 30, and typical choices for square HSS chord members 
are in the range 15 < B/ < 25. On the other hand, branch 
members should—in general—be chosen to have a high D/t 
or B/t, but within the limits permitted by Tables 8-1A and 
8-2A. However, branches should preferably still sit on the 
“flat” of the chord member, for rectangular HSS trusses, to 
simplify welding procedures. Thus, branch members are 
generally selected to be relatively wide and thin, whereas 
chord members are generally selected to be stocky and 
thick, resulting in ¢, < ¢. Still, reference to Table 8-1A shows 
that the requirement for round HSS compression branches 
(D,/t, < 0.05E/F,,) is well below the round HSS noncompact 
section limit (see AISC Specification Table B4.1). Similarly, 
reference to Table 8-2A shows that the requirement for rect- 
angular HSS compression branches in overlapped K-con- 
nections (B,/t, and H,,/t, < 1.1(E/F,,)°°) is even below the 
rectangular HSS compact section limit (see AISC Specifica- 
tion Table B4.1). 

The package of connection design criteria in Tables 8-1 
and 8-2, in conjunction with the limits of applicability in 
Tables 8-1A and 8-2A, permits the use of effective lengths, 
KL, less than L when designing planar-welded HSS truss 
compression members. For compression chords, KL = 0.9L 
can be adopted, where L is the distance between chord 
panel points (for buckling in the plane of the truss) or L is 
the distance between points of lateral support for the chord 
(for buckling perpendicular to the truss). For compression 
web members, the use of KL = 0.75L is permissible, where 
L is the distance between member nodes (CIDECT, 1980; 
Mouty, 1981; Rondal et al., 1992). 

Long, laterally unsupported compression chords can ex- 
ist in U-frame [or “half-through” (pony) truss] pedestrian 
bridges and in roof trusses subjected to large wind uplift (the 
bottom chord). The effective length of such laterally unsup- 
ported truss chords can be considerably less than the unsup- 
ported length, and design guidance is provided by Packer 
and Henderson (1997) and Galambos (1998). 
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8.5 CONNECTION NOMINAL STRENGTH TABLES 


Table 8-1. Nominal Strengths of Round HSS-to-HSS Truss Connections 


Connection Type 


Connection Nominal Axial Strength* 


General Check 


Limit State: Shear Yielding (Punching) 


orp 2291.90) +1 


* Equation references are to the AISC Specification. 


Note that exp(x) is identical to 2.71828*, where 2.71828 is the base of the natural logarithm. 
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For T-, Y-, Cross- and K-Connections with Gap, 1+sin6 (K2-4) 
when D, tens/comp) < (D ag 2t) F, = 0.6F,tnD, Pm) and 
( p) 2sin’ 0 
(K2-9) 
o = 0.95 (LRFD) Q = 1.58 (ASD) 
T- and Y-Connections Limit State: Chord Plastification 
P,sin@ = F,t® (3.14 15.68" )y°Q, (K2-3) 
= 0.90 (LRFD) Q = 1.67 (ASD) 
Limit State: Chord Plastification 
F 5.7 
P,sin@ = F,t? (K2-5) 
i“ (22, Ja 
¢ =0.90 (LRFD) Q = 1.67 (ASD) 
K-Connections with Gap or Overlap Limit State: Chord Plastification 
| , tp comp t, tens \ | 
we D com| 
Ps comm 2) P. comp P, tens ) Pr ine (PrSiN®) ompresson branch =F,t* [20 +11 aoe lag (K2-6) 
(P,sin 8 )ension branch = (P,sin Obes branch (K2-8) 
o = 0.90 (LRFD) Q = 1.67 (ASD) 
Functions 
Q; = 1 for chord (connecting surface) in tension 
Q; =1.0- 0.3U(1 + U) for chord (connecting surface) in compression 
U= P. 2 M, 
~\AF, SF, 
where P, and M, are determined on the side of the joint that has the lower compression stress. P, and M, refer 
to the required axial and flexural strength in the HSS. P, =P, for LRFD; P, for ASD. M,= M, for LRFD; M, for ASD. 
1.2 
Q, =y°2}1 0.024 y (K2-7) 


Table 8-1A. 


Limits of Applicability of Table 8-1 (also refer to Figure 8-1) 


Joint eccentricity: 
Branch angle: 


Chord wall slenderness: 


Branch wall slenderness: 


Width ratio: 


Gap: 
Overlap: 
Branch thickness: 


Material strength: 


Ductility: 


Note: Limits of applicability are from AISC Specification Section K2.2a. 


Table 8-2. Nominal Strengths of Rectangular HSS-to-HSS Truss Connections 


F,/F, and Fy /Fuy $0.8 


-0.55 <e/D<0.25 for K-connections 
8 =30° 
D/t<50 for T-, Y- and K-connections 
D/t <40_ for cross-connections 
D, /tp <50 for tension branch 
Dp /te < 0.05E/ Fy» for compression branch 
0.2<D, : D<1.0 forT-, Y-, cross- and overlapped K-connections 
0.4<D,/D<1.0 for gapped K-connections 
F=thcomp +totens for gapped K-connections 
25% <O, <100% for overlapped K-connections 
th overlapping Sth overlapped for branches in overlapped K-connections 
F, and Fy, $52 ksi 


Connection Type 


Connection Nominal Axial Strength* 


T-, Y- and Cross-Connections Limit State: Chord Wall Plastification, when B < 0.85 
t, Sy : 2} _2n 4 
\ b P,sin® = F,t +——— |0, K2-13 
“((e8) vB)” aia 


rR 


Case for Checking Limit State of 
Shear of Chord Sidewalls 


Shear Plane 


projected gap 


LR 
V/V 


-B | P,sin0 = 2F,t(5k +N) (K2-15) 

“\__ Not present for = 1.00 (LRFD) Q = 1.50 (ASD) 

T- or Y-connection Limit State: Local Crippling of Chord Sidewalls, when B = 1.0 
and Branch is in Compression, for T- or Y-Connections 
: 3N 

P,sin® = 1.6t? |1 EF, K2-16 
sin + ran  O; ( ) 

= 0.75 (LRFD) Q = 2.00 (ASD) 


r f 48t® 
Pe P,sind = EF,Q, (K2-17) 


o = 1.00 (LRFD) Q = 1.50 (ASD) 
Limit State: Shear Yielding (Punching), when 
0.85 <B <1-1/y or B/t<10 


ryt P,sin@ = 0.6F,tB(2n+ 2Beop) (K2-14) 
H = 0.95 (LRFD) Q = 1.58 (ASD) 
Limit State: Local Yielding of Chord Sidewalls, when B = 1.0 


Limit State: Local Crippling of Chord Sidewalls, when B = 1.0 and 
Branches are in Compression, for Cross-Connections 


H—3t 
= 0.90 (LRFD) Q = 1.67 (ASD) 


Limit State: Local Yielding of Branch/Branches Due to 
Uneven Load Distribution, when B = 0.85 


P,, = Fyot (2Hy + 2beo) — 4ts ) Rete) 
= 0.95 (LRFD) Q = 1.58 (ASD) 


pO la eg K2-19 
1 Bit Froty b +b ( i ) 


Limit State: Shear of Chord Sidewalls, for Cross-Connections with 
0 < 90° and where a Projected Gap Is Created (see figure). 
Determine P,,sin@ in accordance with Spec. Sect. G5. 
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Table 8-2 (continued). Nominal Strengths of Rectangular HSS-to-HSS Truss Connections 


Connection Type Connection Nominal Axial Strength* 


Gapped K-Connections 


Limit State: Chord Wall Plastification, for all B 
P,sin0 = F,t?(9.8Be'y°° )Q, (K2-20) 
= 0.90 (LRFD) Q = 1.67 (ASD) 


Limit State: Shear Yielding (Punching), when B, < B-2t 
Do not check for square branches. 
P,Sin® = 0.6F,tB( 2+ B + Boop | (K2-21) 


= 0.95 (LRFD) Q = 1.58 (ASD) 


Limit State: Shear of Chord Sidewalls in the Gap Region. 
Determine P,,sin8 in accordance with Spec. Sect. G5. 
Do not check for square chords. 


Limit State: Local Yielding of Branch/Branches Due to Uneven Load 
Distribution. Do not check for square branches or if B/t > 15 


P,, = Fyoty (2Hp + Bo + Door — 4ts ) (K2-22) 
= 0.95 (LRFD) Q = 1.58 (ASD) 
bpet”| lp ee (K2-23) 
°° Bi/t| Foto} 


Limit State: Local Yielding of Branch/Branches 
Due to Uneven Load Distribution 
= 0.95 (LRFD) Q = 1.58 (ASD) 
For 25% < O, < 50%: 


O, 
P,, overlapping branch — yoit bi Ser — 4th; ) + Deoi + Deov | (K2-24) 


Overlapped K-Connections 


For 50% < O, < 80%: 


P,, overlapping branch — Fypitei (2H, 7 Aty; + beoi oe Deer} (K2-25) 

For 80% < O, < 100%: 

P,,, overlapping branch = Fypit pi (2H. — Ath; + Boi + Doov ) (K2-26) 

where Bey =—2- au By <B (K2-27) 

‘eoi B / t Fey : bi >= bi 
1 Fyryjty; 
b= a ~~ Jp. < Bai (K2-28) 
Note that the force arrows shown for overlapped - [toy \ Fete 
K-connections may be reversed; i and j control Subscript / refers to the overlapping branch 
member identification Subscript / refers to the overlapped branch 
Ayj Fy 
P,, overlapped branch — P,, overlapping branch [Ate 
Functions 
Q;= 1 for chord (connecting surface) in tension Spec. Sect. K2.3 
Q; =1.3 -04 <1.0 for chord (connecting surface) in compression, for T-, Y-, and cross-connections (K2-10) 
Q, =1.3- 0.44 <1.0 forchord (connecting surface) in compression, for gapped K-connections (K2-11) 
eff 
P. M, where P, and M, are determined on the side of the joint that has the higher 
U= + , compression stress. P, and M, refer to required axial and flexural strength (K2-12) 
AF, SF.| in the chord. P, =P, for LRFD; P, for ASD. M, = M, for LRFD; M, for ASD 
Ber = [(8. = H, ore branch + (B, ate Hy ee branch |/8 Spec. Sect. K2.1 
Beop = BB B Spec. Sect. K2.3c 
Vd 


* Equation references are to the AISC Specification. 
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Table 8-2A. Limits of Applicability of Table 8-2 


Joint eccentricity: 
Branch angle: 

Chord wall slenderness: 
Branch wall slenderness: 


Width ratio: 
Aspect ratio: 
Overlap: 

Branch width ratio: 


Branch thickness ratio: 


Material strength: 
Ductility: 


-0.55 <e/H <0.25 for K-connections 
62 30° 
B/t and H/t<35 for gapped K-connections and T-, Y- and cross-connections 
B/t <30 for overlapped K-connections 
H/t<35 for overlapped K-connections 
B, /t, and H, /t, <35 for tension branch 


<1.25 = for compression branch of gapped K-, T-, Y- and cross-connections 
yb 


<35 for compression branch of gapped K-, T-, Y- and 
cross-connections 


<1.1 = for compression branch of overlapped K-connections 
yb 


B, /B and H, /B>0.25 for T-, Y-, cross- and overlapped K-connections 
0.5 <H, /B, < 2.0 and0.5<H/B< 2.0 
25% <O, <100% for overlapped K-connections 

By {By 20.75 for overlapped K-connections, where subscript / refers to the 
overlapping branch and subscript / refers to the overlapped branch 

ty; /ty; $1.0 for overlapped K-connections, where subscript i refers to the 

overlapping branchand subscript / refers to the overlapped branch 

F, and F,» < 52 ksi (860 MPa) 
F, i, and F,p ae <0.8 


Note: Limits of applicability are from AISC Specification Section K2.3a. 


Additional Limits for Gapped K-Connections 


Width ratio: B, H, 
B and B 20.14 20 
Ber 20.35 
Gap ratio: 6 =g/B>0.5(1- Ber) Spec. Sect. K2.3c 
Gap: Q = ty compression branch + tb tension branch 
Branch size: smaller B, > 0.63(larger B,), if both branches are square 


Note: Maximum gap size will be controlled by the e/H limit. If gap is large, treat as two Y-connections. 
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8.6 CONNECTION DESIGN EXAMPLES 
Example 8.1—Y-Connection with Round HSS 


Given: 


Determine the adequacy of the welded HSS Y-connection under the member loads shown in Figure 8-6. Loads consist of 25% 
dead load and 75% live load. Assume the welds are strong enough to develop the yield strength of the connected branch wall at 
all locations around the branch. 


From AISC Manual Table 2-3, the material properties are as follows: 


Both members 
ASTM A500 Grade B 
Fy =42 ksi 

F, =58 ksi 


From AISC Manual Table 1-13, the HSS geometric properties are as follows: 


HSS6.000x0.375 
D =6.00 in. 

t =0.349 in. 

A =6.20 in? 


HSS4.000x0.250 
D, = 4.00 in. 

t, = 0.233 in. 

A, = 2.76 in2 


Solution: 
Limits of applicability 
From AISC Specification Section K2.2a and Table 8-1A, the limits of applicability for this connection are: 


) =45° 230° o.k. 
D/t = 17.2 = 50 o.k. 
D, /ty =17.2<50 
0.2 < D,/D = 0.667 < 1.0 o.k. 
Fy =F, 
= 42 ksi < 52 ksi o.k. 
Eh, = Fy [Fun 
= 0.724 < 0.8 o.k. 
P, = 45.0 kips 
Pp= 15.0 kips 
HSS 4.000x0.250 
ASTM A500 Gr. B 
HSS 6.000x0.375 
ASTM A500 Gr. B V, = 31.8 kips 
Vp = 10.6 kips 


P, = 61.8 kips 
Pp = 20.6 kips 


P, = 30.0 kips 


Z = 
Pp = 10.0 kips | 


Fig. 8-6. Welded round HSS Y-connection. 
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Required strength (expressed as a force in the branch) 


From Chapter 2 of ASCE 7, the required strength of the connection based on the applied axial loads in the branch is: 


LRFD 


P, =1.2(15.0 kips) + 1.6(45.0 kips) 
= 90.0 kips 


ASD 


P, = 15.0 kips+ 45.0 kips 
= 60.0 kips 


Chord plastification 


From AISC Specification Section K2.2b(a), the nominal strength for the limit state of chord plastification of the branch is, 


Psin@ = Ft? [3.1+ 15.68? | y°°Q, 


where 
B =D, / D 
= 0.667 
Y = D/2t 
= 8.60 
Q, =1.0-0.3U(1+U) 
FM 
U = for chord in compression 
AF, SF, 


(Spec. Eq. K2-3 and Table 8-1) 


(Spec. Eq. K2-1 and Table 8-1) 


(Spec. Eq. K2-2 and Table 8-1) 


From Chapter 2 of ASCE 7, the required strength in the chord on the side of the joint with the lower compression stress is: 


LRFD 


ASD 


= 1.2(10.0 kips) + 1.6(30.0 kips) 


= 60.0 kips in. chord on side of joint with 
lower compression stress 


M, =0 
F, =F, 

= 42 ksi 

60.0 kips 
6.20 in.” (42 ksi) 

= 0.230 
QO, =1.0-0.3(0.230)(1+ 0.230) 

= 0.915 


q 


Q; 


=P, 


= 10.0 kips + 30.0 kips 


= 40.0 kips in. chord on side of joint with 
lower compression stress 


=0 
= 0.6F, 
= 25.2 ksi 

40.0 kips 
6.20 in.” (25.2 ksi) 
= 0.256 
= 1.0-0.3(0.256)(1+ 0.256) 
= 0.904 
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The available strength for the limit state of chord plastification is: 


LRFD 


ASD 


2 2 
P, =42 ksi(0.349 in.) [3.1415.6(0.667) | 


0.2 


x (8.60)  (0.915)/sin45° 
= 102 kips 
oP, = 0.90(102 kips) 
= 91.8 kips 
91.8 kips>90.0kips  o.k. 


Shear yielding (punching) 


: 2 2 
P, =42 ksi(0.349 in.) [3.1+15.6(0.667) | 


0. 


x (8.60) (0.904) /sinas° 


= 101 kips 
P, _ 101 kips 
a ~ d67 

= 60.5 kips 


60.5 kips > 60.0 kips ok. 


According to AISC Specification Section K2.2b(b), the limit state of shear yielding (punching) need not be checked when 
B > (1 — 1/)). Because B < (1-1/7), which reduces to D, = 4.00 in. < (D—21) = 5.30 in., this limit state must be considered. From 


AISC Specification Section K2.2b(b), the nominal strength is: 


Beaeernp:| 
: 2sin°0 


= 0.6(42 ksi)(0.349 in.) «(4.00 in) | 
sin 


= 189 kips 


The available strength is: 


(Spec. Eq. K2-4 and Table 8-1) 


LRFD = 
oP, = 0.95(189 kips) , ~ ae 
= 180 kips = 120 kips 
180 kips > 90.0 kips ok. 120 kips > 60.0 kips__o.k. 


Example 8.2—Overlapped K-Connection with Round HSS 


Given: 


Verify the adequacy of the welded N-connection (a particular case of K-connection) shown in the free-body diagram in Figure 
8-7. Note that the chord moment is necessary for equilibrium because of the noding eccentricity. The connection is a balanced 
K-connection because the load in the vertical compression branch member is equilibrated (within 20%) by the vertical compo- 
nent of the tension branch member [see AISC Specification Section K2(b)]. Note that the thicker branch member is the through 
branch. For fabrication, the compression (through) branch is tacked initially to the chord, the diagonal (overlapping) branch is 
then tacked into place, and finally the whole connection is welded together. The loads shown consist of live and dead loads in 
the ratio of 2.5:1. Assume the welds are strong enough to develop the yield strength of the connected branch wall at all locations 


around the branch. 


From AISC Manual Table 2-3, the material properties are as follows: 


All members 


ASTM A500 Grade C 
F, = 46 ksi 
F, =62 ksi 
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From AISC Manual Table 1-13, the HSS geometric properties are as follows: 


HSS10.000x0.500 

A =13.9 in? 

D = 10.000 in. 

t =0.465 in. 

HSS6.625x0.375 

A, = 6.88 in. 

D, = 6.625 in. 

t, =0.349 in. 

HSS6.625x0.250 

A, = 4.68 in.” 

D, = 6.625 in. 

t, = 0.233 in. 
Solution: 


Limits of applicability 
The connection noding eccentricity, e =—2.50 in. (negative because the branch centerlines intersect toward the inside of the truss, 
relative to the chord centerline). 


q =overlap length measured along the connecting face of the chord beneath the two branches 


—{ Dn 2 Dy» e+ D/ 2 
2sin@,,  2sin9,> sin@,,sin@,,. 
sin (6, a Bis) 


7 Ge in. 6.625 *.) —2.50 in.+ 5.00 in. 


2sin90° —-.2sin50° sin90°sin50° 
sinl 40° 
= 7.64 in.— 2.10 in. 
=5.54 in. 
P, = 57.1 kips 
FP, = 22.9 kips 
| P, = 74.3 kips 
vi P, = 29.7 kips 
HSS6.625x0.375 (2) 


ASTM A500 Gr. C 
HSS6.625x0.250 


ASTM A500 Gr. C 
HSS10.000x0.500 
ASTM A500 Gr. C 


P, = 82.9 kips 
P, = 131 kips Fp = 33.1 kips M, = 119 kip-in. 
P, = 52.0 kips _ M, = 47.7 kip-in. 


Fig. 8-7. Welded overlap K-connection with round HSS. 
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p = projected length of the overlapping branch on the chord 
= 6.625 in./sin50° 


= 8.65 in. 
O, =(q/p)(100%) 
_ 5.54 iN: (10%) 
8.65 in. 
= 64.0% 
-0.55< e/D =—0.250< 0.25 o.k. 


As the noding eccentricity satisfies this limit, the resulting total eccentricity moment that it produces [(2.5 in.)(104 kips) 
(cos50°) = 167 kip-in.] can be neglected with regard to connection design. (However, it would still have an effect on chord 
member design, in general.) Figure 8-7 shows the eccentricity moment to the right of the connection, but in general it would 
be distributed to both the left and right of the connection in proportion to the chord stiffness. The branches attract very little 
moment. 


051 = 90° 2 30°; 0,. = 50° 2 30° 0.k. 
D/t = 21.5<50 0.k. 
D, / t, = 28.4 <50 for tension branch 0.k. 
D, is =19.0 < 0.05E/F,, = 31.5 for compression branch o.k. 
0.2 < D, /D = 0.663 < 1.0 o.k. 
25% SO, =64.0% < 100% o.k. 
ti = 0.233 in. < t,; = 0.349 in. 0.k. 
f, = Fy 

= 46 ksi $52 ksi o.k. 
F, : Fi, = Fy, i Fe 

= 0.742 < 0.8 0.k. 


Required strength (expressed as a force in a branch) 


From Chapter 2 of ASCE 7, the required strengths are: 


LRFD ASD 
For compression branch, For compression branch, 
P, = 1.2(22.9 kips) + 1.6(57.1 kips) P, = 22.9 kips + 57.1 kips 
=119 kips = 80.0 kips 
For tension branch, For tension branch, 
P, = 29.7 ki 74.3 ki 
P, =1.2(29.7 kips) + 1.6(74.3 kips) > = 29.7 kips + 74.3 kips 
: = 104 kips 
=155 kips 


Limit state of chord plastification 


From AISC Specification Section K2.2c, the nominal strength for the limit state of chord plastification is: 


( P, sin0) 


compression branch 


io) Dy com 
=F [20 +11.33 P= }00, (Spec. Eq. K2-6 and Table 8-1) 
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where 


Q, = 1.0 as the chord is in tension 


§& =-4 
=—5.54 in 
+ =D) 
= 10.8 
Therefore 
i 0.024(10.8) ” 
Q, = 10.8°° | b+ TANNA ™@ 
-0.5(5.54 in.) 
exp] ———_* - 1.33 |+1 
0.465 in. 
= 2.28 
and 
(P.sin®),.cciontann = 46 ksi (0.465 in.) [204 11.33 
compression brancl 
= 216 kips 
P, compression branch = 216 kips/sin90° 
= 216 kips 
LF sin®) on branch = (P, SiN®).resion branch 
= 216 kips 
P; tension branch = 216 kips/sin50° 
= 282 kips 


10.0 in 


6.625 in. 


7 |(228)(.0 


(Spec. Eq. K2-7 and Table 8-1) 


(Spec. Eq. K2-8 and Table 8-1) 


The available strengths for chord plastification expressed as forces in the tension and compression branches are: 


LRFD 


For compression branch, 
oP, = 0.90(216 kips) 
= 194 kips 
194 kips > 119 kips o.k. 
For tension branch, 
oP, = 0.90(282 kips) 
= 254 kips 
254 kips > 155 kips o.k. 


ASD 

For compression branch, 
P, _ 216 kips 
Q- 167 

= 129 kips 
129 kips > 80.0 kips o.k. 
For tension branch, 
P, _ 282 kips 
Q- 167 

= 169 kips 
169 kips > 104 kips o.k. 
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Example 8.3—Cross-Connection with Rectangular HSS 


Given: 


Determine the adequacy of the welded HSS connection illustrated in Figure 8-8 subject to the loads indicated. The connection 
behaves as a planar cross-connection because the punching load is transmitted through the chord member and is equilibrated by 
branch member forces on the opposite side of the chord. The two branches on one side of the chord, having a gap at the branch 
toes of 0.960 in. (just sufficient for welding), can be considered to have a composite effect on the chord. Assume the welds are 
strong enough to develop the yield strength of the connected branch wall at all locations around the branch. 


From AISC Manual Table 2-3, the material properties are as follows: 


All members 


ASTM A500 Grade B 
F, = 46 ksi 
F, =58 ksi 


From AISC Manual Tables 1-11 and 1-12, the HSS geometric properties are as follows: 


HSS8x8x!4 

A =7.10 in? 

B =8.00 in. 

H =8.00 in. 

t =0.233 in. 

HSS8x6x% 

A, = 8.97 in. 

B, = 8.00 in. 

H, = 6.00 in. 

t, =0.349 in. 

6.00" 6.00" 
P5=25.0 kips 
Pp, =28.0 kips ~~ a Fe =28.0 Kips 
HSS8x6x%% HSS8x6x3 


ASTM A500 Gr. B 


P5=25.0 kips 8.00" p.=25.0 kips 
P, =25.0 kips —* p, =25.0 kips 
HSS8x8x%4 HSS8x6x% 


ASTM A500 Gr. B ASTM A500 Gr. B 


=25.0 kips HSS8x6x% Pp=25.0 kips 
ne =25.0 kips ASTM A500 Gr. B P, =25.0 kips 


Fig. 8-8. Welded cross-connection with rectangular HSS. 
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Solution: 


Limits of applicability 
From AISC Specification Section K2.3a and Table 8-2A, the limits of applicability for rectangular HSS are: 


0 = 35°> 30° 0.k. 
B age 
t tf 
= 34.3 < 35 0.k. 
H, — 6.00 in. 
t, 0.349in. 


=17,.2<1,25 jaz 
F,, 
(25 | agg | 
Fy 46 ksi 


=31.4 
17.2 < 31.4 0.k. 
B, _ 8.00 in. 
t, 0.349 in. 
= 22.9<1.25 is 
\ Fy, 
22.9 < 31.4 0.k. 
ie =17.2<35 0.k. 
t, 
7 = 22.9 <35 0.k. 
b 
B, _ 8.00 in. 
B 8.00 in. 
= 1.002 0.25 0.k. 
dH, _ 6.00 in. 
B 8.00 in. 
= 0.750 = 0.25 0.k. 
0.5 < Ay < 2.0 
b 
A, _ 6.00 in. 
B, 8.00 in. 
=0.750 
0.5 < 0.750 < 2.0 o.k. 
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05<2<20 
B 

H _ 8.00 in 
‘B 8.00 in 

= 1.00 
0.5<1.00<2.0 ok. 
Fy = Fy 

= 46ksi < 52 ksi o.k. 
Fy _ Fy 
i Fe 

_ 46 ksi 

~ 58 ksi 

= 0.793 < 0.8 o.k. 


Required strength (expressed as a force in a branch) 


From Chapter 2 of ASCE 7, the required strength of the connection expressed as a force in the branch is: 


LRFD ASD 
P, =1.2(25.0 kips) + 1.6(25.0 kips) Es 2a Riper eee Ks 
= 70.0 kips ie 


Local yielding of chord sidewalls 


Because B = B, j B =1.00, the limit state of local yielding of the chord sidewalls is applicable. From AISC Specification Section 


K2.3b(c), the nominal strength is: 
P,sin9 = 2F,t(5k + N) 
where 
k =outside comer radius of HSS 
=1.5t 
= 0.350 in. 
N = bearing length on chord 
= 2(6.00 in./sin35°) + 0.960 in. 
= 21.9 in. 
Therefore, the nominal strength is: 
P,sin@ = 2(46 ksi) (0.233 in.)[ 5(0.350 in.) + 21.9 in. | 
= 507 kips 
_ 507 
(2) sin35° 
= 442 kips per branch 


n 
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(Spec. Eq. K2-15 and Table 8-2) 


The available strength for the limit state of local yielding of the chord sidewalls is: 


LRFD 1s 
oP, = 1.00(442 kips) P, _ 442kips 
= 442 ki Q 1.50 
fs a : = 295 kips 
llc = 295 kips > 50.0 kips Sie 


Local crippling of the chord sidewalls 


From AISC Specification Section K2.3b(c), the nominal strength for the limit state of local crippling of the chord sidewalls is: 


P,sin0 = Ae! EF. 
n = H-3t yx 


(Spec. Eq. K2-17 and Table 8-2) 


where 


Q, = 1.0 for chord in tension in accordance with AISC Specification Section K2.3 


Therefore, the nominal strength is: 


48(0.233 in.) 


ee Oe {29,000 ksi (46 ksi) (1.0) 
= 96.1 kips 
P, — =(96.1/ sin35°)/2 


= 83.8 kips per branch 


The available strength for the limit state of local crippling of the chord sidewalls is: 


LRED ap 
oP, = 0.90(83.8 kips) F, _ 83.8 kips 
Q” 167 
75 pa “ a ‘ ki k = 50.2 kips 
ee ee a 50.2 kips > 50.0 kips ie 


Local yielding of branches due to uneven load distribution 


From AISC Specification Section K2.3b(d), the available strength for the limit state of local yielding due to uneven load distribu- 
tion is determined as follows: 


P, = Foyt, (2H, + 2Beoi — 4ty) (Spec. Eq. K2-18 and Table 8-2) 
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where 
b.oi= effective width of branch face transverse to the chord; it will be conservative to assume this reduced effective width for 
all branch walls B, 


Fa 
AU Fe (Spec. Eq. K2-19 and Table 8-2) 
B/t\ Fouts 


_ 10 | 46 ksi(0.233 in.) 
34.3 E ksi (0.349 =} 00 
= 1.56 in. 


Therefore 


P, = 46 ksi(0.349 in.)[ 2(6.00 in.) + 2(1.56 in.) - 4(0.349 in.) | 
= 220 kips per branch 


LRED ASD 
P, _ 220 kips 
P, = 0.95(220 kips Bs ye 
: ( ies ) Q 1.58 
= 209 kips = 139 kips 
209 kips > 70.0 kips 0-k. 139 kips > 50.0 kips ok. 


Although there is a vertical plane through the center of the connection that could serve as a shear plane, the limit state of shear 
on the chord sidewalls is not checked because there is no net shearing force on the other side of this plane. 

Other limit states for cross-connections (see AISC Specification Section K2.3b and Table 8-2) do not control because 
B = B,/B = 1.00. 


Example 8.4—Overlapped K-Connection with Rectangular HSS 


Given: 


A planar roof truss contains the welded HSS 45° overlapped K-connection shown in Figure 8-9. Note that the chord moment is 
necessary for equilibrium because of the noding eccentricity. The connection is a balanced K-connection because the vertical 
component of the compression branch member force is equilibrated (within 20%) by the vertical component of the tension 
branch member force [see AISC Specification Section K2(b)]. The through branch is the wider and thicker branch member. For 
fabrication the compression (through) branch is tacked initially to the chord, the diagonal (overlapping) branch is then tacked 
into place, and finally the whole connection is welded together. The loads shown consist of live load and dead load in the ratio of 
3:1. Determine the adequacy of the connection under the given loads. Assume the welds are strong enough to develop the yield 
strength of the connected branch wall at all locations around the branch. 


P, =75.0 kips 6.00" 500" P, =75.0 kips 
P>=25.0 kips ~ ‘ J Pp = 25.0 kips 


%, 
HSS5x3x'4 
HSS6x4x% ASTM AS00 Gr. B 


ASTM A500 Gr. B 


M, = 212 kip-in. 
Mp = 70.8 kip-in. 


. 8.00 
P, = 150 kips 
Pp = 50.0 kips 


P,, = 256 kips 
Pp = 85.3 kips 
HSS8x8x 2 

ASTM A500 Gr. B 


Fig. 8-9. Welded overlap K-connection with rectangular HSS. 
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From AISC Manual Table 2-3, the HSS material properties are as follows: 


All members 


ASTM A500 Grade B 
Fy =Fy 

= 46 ksi 
F, = Fy 

= 58 ksi 


From AISC Manual Tables 1-11 and 1-12, the HSS geometric properties are as follows: 


HSS8x8x!4 
A =13.5 in? 
B =8.00in. 
H =8.00in. 
t =0.465 in. 
HSS6x4x/6 
A, = 5.26 in. 
B,; = 4.00 in. 
H,; = 6.00 in. 
t = 0.291 in. 
HSS5x3x!4 
A); = 3.37 in? 
B,; = 3.00 in. 
H,;= 5.00 in. 
t,, = 0.233 in. 
Solution: 


Limits of applicability 
Check the limits of applicability for rectangular HSS given in AISC Specification Section K2.3a and Table 8-2A. 
Connection noding eccentricity, e = —2.00 in. (negative because the branch centerlines intersect toward the branches, relative 


to the chord centerline). 
q = overlap length measured along the connecting face of the chord beneath the two branches, from geometry 


-( Ai, + A; | e+H/2 


2sin0,, 2sin9,; sinO,, sinO,,; 


sin(@,; + 6,,) 


7 & in. 4 5.00 = - —2.00 in. + 4.00 in. 
2sin45° —_2sin45° (sin 45°). 
sin90° 
= 7.78 in. — 4.00 in. 
= 3.78 in. 
p = projected length of the overlapping branch on the chord 
_ 5.00 in. 
~ sin45° 
= 7.07 in. 
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O, = [4] (00%) 


_ 3.78 in. 
7.07 in. 
= 53.5% 


(100%) 


~0.55< = = -0.250 < 0.25 ok. 


As the noding eccentricity satisfied this limit, the resulting total eccentricity moment that it produces [2(2.00 in.)(100 kips) 
(cos45°) = 283 kip-in.] can be neglected with regard to connection design (however, it would still have an effect on chord member 
design in general). 


0,; = 0, 
= 45° > 30° ok. 

B_ 8.00in. 

t 0.465 
=17.2<30 o.k. 

H _ 8.00 in. 

‘t 0.465 in. 
=17.2<35 ok. 


For the tension branch 


B, _ 3.00in. 
te,  0.233in. 

=12.9 <35 o.k. 
A, 

=21.5 <35 o.k. 


For the compression branch 


By 4.00in. 
ty, 0.291in. 


=13.7<1.1 Se 
Fy, 


nl Ei] 2 
F. 46 ksi 


yb 
= 27.6 
13.7 < 27.6 0.k. 


Ai, 7 6.00 in. 
ty 0.291 


2} 
= 20.6 <1.1 ca 
\ Fy 


20.6 < 27.6 0.k. 
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For the tension branch 


B,, 3.00 in. 
“B 8.00 in. 
= 0.375 20.25 o.k. 
7, 5.00 in. 
B 8.00 in. 
= 0.625 20.25 o.k. 
For the compression branch 
By — 4.00in. 
B 8.00in. 
= 0.500 = 0.25 o.k. 
A, _ 6.00 in. 
B 8.00 in. 
= 0.750 20.25 o.k. 
For the tension branch 
Ai; 
0.5< — <2.0 
bi 
Hi, _ 5.00 in. 
B,, 3.00 in. 
= 1.67 
0.5 <1.67<2.0 0.k. 


For the compression branch 


Ay _ 6.00 in. 
B,; 4.00 in. 
= 1.50 
0.5< 1.50 < 2.0 0.k. 
For the chord 


0.5 <= =1.00 < 2.00 o.k. 
25% € O, = 5.5% < 100% o.k. 


The width of the overlapping branch, B,,;, divided by the width of the overlapped branch, B,;, must be greater than or equal to 0.75, 
where B,,; and B,,; are the branch widths perpendicular to the longitudinal axis of the chord. 


B,; 
— = 0.7502 0.75 0.k. 


bj 


thi 
“ = 0.801<1.0 o.k. 


bj 
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=F, 


yb 

= 46 ksi < 52 ksi ok. 
Fy 
Fup 
46 ksi 

~ 58 ksi 

= 0.793 < 0.8 ok. 


au 


mo 


Required strength (expressed as a force in a branch) 


From Chapter 2 of ASCE 7, the required strength of the connection, expressed as a force in the tension and compression branches 
is: 


LRFD ASD 
For compression branch and tension branch, For compression branch and tension branch, 
P= 1.2(25.0 kips) + 1.6(75.0 kips) P,= 25.0 kips + 75.0 kips 
= 150 kips = 100 kips 


Local yielding of branches due to uneven load distribution 


From AISC Specification Section K2.3d, the nominal strength of the overlapping branch for the limit state of local yielding due to 
uneven load distribution is: 


Pe cvedaaping branch = Fypity; (2H, = 4At,; + Deoi + bez for 50% < 0, < 80% (Spec. Eq. K2-25 and Table 8-2) 


where 
10{ #t 


Deo = 7) = | Boi S Boi (Spec. Eq. K2-27 and Table 8-2) 
B/t\ Foie; 


_ 10 | 46 ksi(0.465 in.) 
172 2 ksi (0.233 =} 00 "1 


= 3.48 in. > B,; = 3.00 in., therefore use b,,; = 3.00 in. 


10 Fyyjte; 
b,,.=—_— By; S By (Spec. Eq. K2-28 and Table 8-2) 
B, / ty Fypity, 


_ 10 | 46 ksi (0.291 in.) (3.00 in) 
~ 13.7] 46 ksi(0.233 in.) [> 


= 2.73 in. < B,; = 3.00 in., therefore b,,,, = 2.73 in. 


Therefore, the nominal strength of the overlapping branch is: 
D, cptecrstateun 40 kat 0283 in.)[ 2(5.00 in.) — 4(0.233 in.) +3.00 in. + 2.73 in.| 
= 159 kips 


The nominal strength of the overlapped branch is: 


P > bes 
n, overlapped branch = Fh, overlapping branch A FE 


bit" ybi 


. E in.’ (46 =| 
= 159 kips 


3.37 in. (46 ksi) 
= 248 kips 
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The available connection strength, expressed as forces in the tension (overlapping) and compression (overlapped) branches, is: 


LRFD ASD 
For tension (overlapping) branch, For tension (overlapping) branch, 
; P, _ 159 kips 
P, = 0.95(159 kips — = —_— 
, ( . ) Q 1.58 
= 151 kips =101 dps 
151 kips > 150 kips o.k. 101 kips > 100 kips o.k. 
For compression (overlapped) branch, For compression (overlapped) branch, 
oP, = 0.95(248 kips) P, _ 248 kips 
= 236 kips Q 1.58 
236 kips > 150 kips o.k. = 157 kips 
157 kips > 100 kips 0.k. 


Example 8.5—Gapped K-Connection with Square HSS and Unbalanced Branch Loads 


Given: 


A planar roof truss contains the planar HSS 45° gapped K-connection shown in Figure 8-10. Note that the chord moment is 
necessary for equilibrium because of the noding eccentricity. Because the vertical components of the branch member forces 
differ by more than 20%, the connection must be treated as a combination of two types: a K-connection and a cross-connection 
[see AISC Specification Section K2(b)], as will be demonstrated. The loads shown consist of live load and dead load in the ratio 
3:1. Determine the adequacy of the HSS connection and also consider the design of the welds. 


From AISC Manual Table 2-3, the HSS material properties are as follows: 


All members 


ASTM A500 Grade B 
F, = 46 ksi 
F, =58 ksi 


From AISC Manual Table 1-12, the HSS geometric properties are as follows: 


HSS12x12x% 

A =25.7 in? 

B =12.0in. P, =400ki 

A =12.0im: wexat—_. | ae 

t =0.581 in. : 

HSS8x8x% P, = 255 kips 

A, = 10.4 in.” _—, Po = 85.0 kips 

a os ans PL = 125 kips M. = 118 kip-in. 
b= ae P>=41.8 kips~ ia Mp = 39.3 kip-in. 

ty =U, in. 


ASTM A500 Gr. B HSS 8x8x% 


ASTM A500 Gr. B 


P.= 120 kips fi ‘ P, = 63.4 kips 
Pp = 40.0 kips Pp = 21.2 kips 


Fig. 8-10. Welded gap K-connection with square HSS. 
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Solution: 
The total applied loads on each branch are: 
IPs sapressibi branch = 120 kips + 40.0 kips 
= 160 kips 
Pension branch = 93.4 kips+ 21.2 kips 
= 84.6 kips 
From AISC Specification Section K2(b), when the punching load (P, sin) in a branch member is essentially equilibrated (within 
20%) by loads in other branch member(s) on the same side of the connection, the connection is classified as a K-connection. 
The relevant gap is between the primary branch members whose loads equilibrate. When the punching load (P, sin®) is transmit- 
ted through the chord member and is equilibrated by branch member(s) on the opposite side, the connection is classified as a 
cross-connection. When branch members transmit part of their load as K-connections and part of their load as T-, Y- or cross- 


connections, the adequacy of each branch is determined by linear interaction of the proportion of the branch load involved in 
each type of load transfer. 


Connection classification 
Based on the previous discussion, the classification of a connection as a K-connection is dependent on the following inequality: 
. . sy fe} 
0 8 < Prompression branch S109 compression branch __ 160 kips(sin4s ) 
Prension branch S11 tension branch 84.6 kips ( sin45°) 
=1.89 >1.2 


Therefore, treat the connection as shown in Figure 8-11 (a combination of a K- and cross-connection). 


Analysis of K-Connection [Balanced; see Figure 8-11(a)] 

Limits of applicability 

AISC Specification Section K2.3 and Table 8-2A provide the following limits of applicability for rectangular HSS. 
-0.55 < e/H < 0.25 


Based on a connection gap, g = 2.50 in., and by geometry: 


sinO,,,sin9,,> Ay, Ay, H 
; : sips +8 
sin(®,; +6,> ) 2sin8,,  2sinO,. 2, 


Eccentricity,e = 


sin45° : ; : : 
a ( ) 8.00 in. n 8.00 in. +2.50 in. |— 12.0 in. 
sin90° \ 2sin45° 2sin45° 
= 0.907 in. 
P, = 40.0 kips 
P, = 125 kips P,=215 kips Pp = 13.3 kips 
Pp = 41.8 kips i fe Pp =71.8 kips ——_ P, = 40.0 kips 
5 5 : 45° Pp = 13.3 kips 
P, = 63.4 kips a x P, = 63.4 kips JP. = 56.5 kips 
Pp = 21.2 kips Pp = 21.2 kips Pp = 18.9 kips 
(a) K-connection (balanced). (b) Cross-connection. 


Fig. 8-11. Loads for (a) balanced K-connection and (b) cross-connection. 
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Therefore 


-0.55 < e/H = 0.0756 < 0.25 


0.k. 


Because the noding eccentricity satisfies this limit, the resulting eccentricity moment that it produces (M; + Mp= 118 kip-in. 
+ 39.3 kip-in. = 157 kip-in.) can be neglected with regard to connection design (however, it would still have an effect on chord 


member design in general). 
8,1 = 8,» 
= 45° > 30° 0.k. 
B_H 
t t 
— 12.0in. 
~ 0.58 lin. 
= 20.7 $35 0.k 


For the tension branch 


B, _ Ap 
Gy 
8.00 in. 
~ 0.349 in. 
= 22.9 < 35 0.k. 
For the compression branch 
B, _H, 
% ty. 
8.00 in. 
~ 0.349 in. 
= 22.9 
< was E =314 ok. 
Fy 
B, _ Ap 
4 
= 22.9<35 0.k. 
O.5< Hi a <2.0 
» B 
H, _ 12.0in. 
‘B,  12.0in. 
= 1.00 
0.5 <1.00 < 2.0 o.k. 
Fy =Fy 
= 46 ksi < 52 ksi 0.k. 
Fy _ Foo 
E Fe 
46 ksi 
~ 58ksi 
= 0.793 < 0.8 0.k. 
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B, Ai, 
== 0.1+ y/50 


_ 8.00 in. 
12.0in. 
= 0.667 


ait aoa 
50 50 | 
[12.0in./(2)(0.581in. 


50 


=0.1+ 


= 0.307 
0.667 = 0.307 0.k. 


_ sum of perimeter of two branch me: 


Bs 8B 
_ 8(8.00 in.) 
~ 8(12.0 in.) 
= 0.667 > 0.35 ok. 
se 

6 —&B 
_ 2.50 in 
~ 12.0 in 


= 0.208 2 0.5(1-B.} 
0.5(1—B.y) = 0.5(1- 0.667) 
= 0.167 


0.208 2 0.167 o.k. 


&§ = 2.50 in. 2 ty compression branch ale t, tensior 


> 0.349 in. + 0.349 in. = 0.698 in. 
smaller B, = 8.00 in. = 0.63(larger B,) = 5.04 in. 


Because both branches are HSS8x8x%%, the smaller B, equals the larger B,. 


Required strength for K-connection portion (expressed as a force in a branch) 


From Chapter 2 of ASCE 7, the required strength for the compression and tension branch is: 


LRFD 


ASD 


P, =1.2(21.2 kips) + 1.6(63.4 kips) 
= 127 kips 


For compression branch and tension branch, 


For compression branch and tension branch, 


P, = 21.2 kips+ 63.4 kips 
= 84.6 kips 


Chord wall plastification 


From AISC Specification Section K2.3c(a), the nominal strength for the limit state of chord wall plastification in gapped 


K-connections can be determined from the following: 


P,sin@ = Ft” [9-8B.r¥"* | Q; 


(Spec. Eq. K2-20 and Table 8-2) 
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where 


es 
4 2t 
= 10.3 
U . i 
Q; =1.3—0.4-— $1.0 for chord in compression 
off 
P.M, 
=|—~+ 
AF, SF, 


From Chapter 2 of ASCE 7, the required strength in the chord is: 


(Spec. Eq. K2-11 and Table 8-2) 


(Spec. Eq. K2-12 and Table 8-2) 


ASD 


LRFD 

FP, 

= 1.2(71.8 kips) + 1.6(215 kips) 

= 430 kips in chord on side of joint with 

higher compression stress 

F. =F, 

= 46 ksi 

= 430 kips 

~ {25.7 in.’ (46 ksi) 

= 0.364 
OQ, =1.3-0.4 (228) 

= 1.08 21.0 
Use Q; = 1.0 


Fak, 
= 71.8 kips+ 215 kips 


= 287 kips in chord on side of joint with 
higher compression stress 


F, = 0.6F, 
= 27.6 ksi 
287 kips 
25.7 in.” (27.6 ksi) 
= 0.405 


0.405 

=13-0.4| —— 

er (=| 
= 1.06 21.0 


Use QO; = 1.0 


Therefore, the available strength for the limit state of chord wall plastification is: 


LRFD 


ASD 


P, = 46 ksi(0.581 in.) | 9-8(0.667)(10.3)" | 
x 1.0/sin45° 


= 461 kips 
oP, = 0.90(461 kips) 
= 415 kips 
for both branches since 0, is the same 
Branch utilization = ae 
= 0.306 


0.5 


P, = 46 ksi(0.581 in) | 9.8(0.667)(10.3) | 
x 1.0/sin45° 


= 461 kips 
P, _ 461 kips 
Q- 167 
= 276 kips 
for both branches since 0, is the same 
Branch utilization = Seo EPs De 
276 kips 
= 0.307 


All other limit states for gapped K-connections do not control (see AISC Specification Section K2.3c and Table 8-2) because the 


branches are square. 
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Analysis of Cross-Connection [see Figure 8-11(b)] 
Limits of applicability 


Note that only the compression branch needs to be checked, because this is the only branch that participates in the cross-connection 
force transfer. From AISC Specification Section K2.3a and Table 8-2A, the limits of applicability for this connection are: 


0,1 = 45° > 30° ok. 
B_H 
tot 

= 20.7 $35 ok. 
Binet 


t,, t, 


= 22.9 for compression branch 


£1.25 j= =314 0.k. 
Fy, 


B, _ HA, 
t), t, 
= 22.9<35 0.k. 
B, _ Hy 
B B 
= 0.667 = 0.25 o.k. 
HH 
ose 2 =" <1 0020 o.k. 
b 
Fy = Fy 
= 46 ksi < 52 ksi o.k. 
Fy Fy 
F, . Fy 
= 0.793 < 0.8 o.k. 


Required strength for the cross-connection portion (expressed as a force in the branch) 


From Chapter 2 of ASCE 7, the required strength is: 


LRFD ASD 
For the compression branch, For the compression branch, 
P, =1.2(18.9 kips) + 1.6(56.5 kips) P, = 18.9 kips + 56.5 kips 
= 113 kips = 75.4 kips 


Limit state of chord wall plastification 


Because for the compression branch, B = B,/B= 0.667 < 0.85, the limit state of chord wall plastification is applicable. From AISC 
Specification Section K2.3b(a), the nominal strength can be determined from the following: 


. >} 2 4 
P,sin0 = Ft" + OQ; (Spec. Eq. K2-13 and Table 8-2) 
Ir B) Vi 5 | 
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where 
B for the compression branch = B,/B 


= 0.667 < 0.85 
__ Ay 
~ Bsin® 
_ 8.00 in. 
12.0 in.(sin45°) 
= 0.943 


| 


=1.3-04 Z < 1.0 for chord in compression 


Q; 


PM 
=|-_+ 


|AF.. SE. 


r 


U 


From Chapter 2 of ASCE 7, the required strength in the chord is: 


(Spec. Eq. K2-10 and Table 8-2) 


(Spec. Eq. K2-12 and Table 8-2) 


ASD 


LRFD 
P; = P,, 
= 1.2(13.3 kips) + 1.6(40.0 kips) 
= 80.0 kips in chord on side of joint with 
higher compression stress 
M,=0 
F, =F, 
= 46 ksi 
_ 80.0 kips 
25.7 in.” (46 ksi) 
= 0.0677 
0.0677 
=1.3-04 
a 0.667 ) 
=1.2621.0 
Use Q; = 1.0 


P, = Py 
= 13.3 kips + 40.0 kips 
= 53.3 kips in chord on side of joint with 
higher compression stress 


M,=0 

F. = 0.6F, 
= 27.6 ksi 
2 53.3 kips 

25.7 in.” (27.6 ksi) 
= 0.0751 
0.0751 

=1.3-0.4 

er 0.667 ) 
=125216 

Use QO, = 1.0 


Therefore, the available strength for the limit state of chord wall plastification is: 


LRFD ASD 
P, =46 ksi(0.581 in.) P, = 46 ksi(0.581 in.) 
2(0.943) 4 1.0 2(0.943) 4 1.0 
x | —— + ————. | ——- x | —— + ————. | ——- 
(1-0.667) /1-0.667 | sin45° (1- 0.667) /1— 0.667 | sin4s” 
= 277 kips = 277 kips 
oP, = 1.00(277 kips) poe =e 
= 277 kips 1.50 
: = 185 kips 
‘ She azt 113 kips : 
Compression branch utilization = ———— . eee 75.4 kips 
277 kips Compression branch utilization = ——_——— 
185 kips 
= 0.408 
= 0.408 
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The limit states that are applicable for 1.0 = B = 0.85 do not control and need not be checked because B = 0.667. The limit state of shear- 
ing of the chord sidewalls is not applicable as there is no shear plane evident. (The flange of the W8x24 is wider than the connection 
gap, g = 2.50 in.) 


Total utilization of each branch member 


For the compression branch: 0.31 (Balanced K) + 0.41 (Cross) = 0.72 < 1.0 o.k. 
For the tension branch: 0.31 (Balanced K) + 0 (Cross) = 0.31 < 1.0 o.k. 
(Summations—in this case—are the same for both LRFD and ASD.) 


Weld design considerations 


The compression branch, inclined at 9 = 45° behaves partly as a gapped K-connection branch and partly as a cross-connection branch. 
For 0 < 50°, all four sides of a gapped K-connection perimeter weld are effective, whereas only three sides of a cross-connection perim- 
eter weld are effective (AISC Specification Section K2.3e). Because the two branches are the same size, it would hence be conservative 
to assume a total effective weld length, around one branch, as 


ie 2(H, 12H) (B, 1.2%) (Spec. Eq. K2-29) 
sin9 
7 2[ 8.00 in. - 1.2(0.349 in.) + [6.00 in.-1.2(0.349 in)] 
a 00 in.—1.2(0.349 in. 
= 29.0 in. 


The weld can then be designed in accordance with procedures given in Chapter 2 of this Design Guide and in AISC Design Guide No. 
21, Welded Connections—A Primer for Engineers (Miller, 2006). Alternatively, as noted in the AISC Specification Commentary to 
Chapter K (and also in the User Note in AISC Specification Section K1.3b), welds may be proportioned to develop the capacity of the 
connected branch wall, at all points along the weld length. Welds sized in this latter manner represent an upper limit on the required 
weld size, for any loading condition. 
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Chapter 9 


HSS-to-HSS Moment Connections 


9.1 SCOPE AND BASIS 


The scope of this chapter follows the AISC Specification 
Section K3 and is limited to planar connections between 
HSS (or box members) directly welded to one another, in the 
form of T-, Y- (for round HSS only), and cross-connections. 
T- and Y-connections have one branch welded to a continu- 
ous chord (T-connections having a 90° branch angle), and 
cross-connections have a branch on each (opposite) side 
of a continuous chord. For the design criteria herein, the 
centerlines of the branch(es) and the chord member all lie 
in a common plane. Round HSS-to-round HSS and rectan- 
gular HSS-to-rectangular HSS are the only combinations 
of HSS shapes considered. The connections may be subject 
to branch in-plane bending moments, branch out-of-plane 
bending moments, or a combination of branch bending plus 
axial load. This chapter is thus applicable to frames with 
partially rigid (PR) or fully rigid (FR) moment connections, 
such as Vierendeel girders. The provisions in this chapter are 
not generally applicable to typical planar triangulated trusses 
(which are covered in Chapter 8) because the latter should 
be analyzed in a manner that results in no bending moments 
in the web members (see Section 8.4). Thus, K-connections 
with moment loading on the branches are not covered by this 
Design Guide. 

Pertinent design criteria for round HSS-to-HSS T-, Y- and 
cross-connections are succinctly tabulated (Table 9-1), followed 
by a design example on such a connection. Similarly, pertinent 
design criteria for rectangular (which includes square) HSS-to- 
HSS T- and cross-connections are tabulated (Table 9-2), fol- 
lowed by two design examples on such connections. For con- 
nection configurations beyond the scope of this chapter, such as 
multi-planar connections, one can refer to other authoritative 
design guidance such as AWS D1.1 (AWS, 2008). 

The design criteria in this chapter and the AISC Specifica- 
tion Section K3 are based on failure modes, or limit states, that 
have been reported in international research on HSS. In par- 
ticular, the basis for the equations in AISC Specification Sec- 
tion K3, and also this chapter, is Eurocode 3 (CEN, 2005). This 
represents one of the most up-to-date consensus specifications 
or recommendations on welded HSS-to-HSS connections. The 
equations used in AISC Specification Section K3 and in this 
chapter have also been adopted in CIDECT Design Guide No. 9 
(Kurobane et al., 2004). 


9.2. NOTATION AND LIMIT STATES 


Some common notation associated with branch and chord 
members in welded HSS connections has been illustrated in 
Figure 8-1. Available testing for HSS-to-HSS moment con- 
nections is much less extensive than that for axially loaded 
T-, Y-, cross- and K-connections. Hence, the governing limit 
states to be checked for axially loaded connections have 
been used as a basis for the possible limit states in moment- 
loaded connections. Thus, the design criteria for round HSS 
moment connections are based on the limit states of chord 
plastification and shear yielding (punching) failure, with o 
and Q factors consistent with AISC Specification Section 
K3.2. For rectangular HSS moment connections, the design 
criteria are based on the limit states of chord wall plastifica- 
tion, sidewall local yielding, local yielding due to uneven 
load distribution, and chord distortional failure, with @ and 
Q factors consistent with AISC Specification Section K3.3. 
The chord distortional failure mode is applicable only to 
rectangular HSS T- or cross-connections with an out-of- 
plane bending moment on the branch (or branches) causing 
a torque on the chord cross-section. This limit state of the 
chord cross-section need not be checked for T-connections 
if rhomboidal distortion of the chord is prevented (e.g., by 
the use of stiffeners or diaphragms to maintain the rectangu- 
lar shape of the chord). Chord distortional failure also need 
not be checked for balanced cross-connections (where the 
branch moments are in equilibrium). Potential failure modes 
for HSS moment connections, illustrated for a rectangular 
HSS T-connection under in-plane branch bending, are given 
in Figure 9-1. 

It is important to note that a number of potential limit states 
can often be precluded from the connection checking procedure 
because the corresponding failure modes are excluded by virtue 
of the connection geometry and the constrained limits of ap- 
plicability of various parameters. The limits of applicability of 
the equations in this chapter (and in AISC Specification Section 
K3), given in Tables 9-1A and 9-2A, are predominantly repro- 
duced from AISC Specification Section K2. 
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(c) Local yielding of tension side of branch, (d) Local yielding of compression side of branch, 
due to uneven load distribution. due to uneven load distribution. 


(e) Shear of the chord sidewalls. (f) Chord sidewall failure. 


Fig. 9-1. Potential limit states for HSS-to-HSS moment connections. 
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9.3. CONNECTION NOMINAL CAPACITY TABLES 


Table 9-1. Nominal Capacities of Round HSS-to-HSS Moment Connections 


Connection Type Connection Nominal Moment Capacity* 
Branch(es) under In-Plane Bending Limit State: Chord Plastification 
T-, Y- and Cross-Connections 
ty | M,sin0 = 5.39F,t?y°°BD,Q; (K8-3) 
ee 5 
© 2 
M, ses o = 0.90 (LRFD) Q = 1.67 (ASD) 


1 


Limit State: Shear Yielding (Punching), when D, <(D-2t) 


t 
j 
1+3sin6 
M,, = 0.6F,tD? | ———— K3-4 
, [ 4sin°6 oe 


Sy ca! o = 0.95 (LRFD) Q = 1.58 (ASD) 
Branch(es) under Out-of-Plane Bending Limit State: Chord Plastification 
T-, Y- and Cross-Connections 3.0 
uM oo™ M,sin@ = F,t?D, fee (K3-5) 
o = 0.90 (LRFD) Q = 1.67 (ASD) 
Limit State: Shear Yielding (Punching), when D, <(D - 2t) 


(K3-6) 


M, =0.6F,tD? (= sre | 


4sin°0 


¢ = 0.95 (LRFD) Q = 1.58 (ASD) 


For T-, Y- and cross-connections, with branch(es) under combined axial load, in-plane bending and out-of-plane bending, 
or any combination of these load effects: 


LRFD: (P,/4P,)+(Mzip /Moio) +(Mrop /OMpop) $1.0 from (K3-7) 


2 
ASD: [P,/(P,/2)]+[ Mee /(Moip /2)] +[ Mean /(Mr-op /2)]<1.0 from (K3-8) 
oP, = design strength (or P,/Q = allowable strength) obtained from Table 8-1 or AISC Specification Section K2.2b 
oM,,i2 = design strength (or M,,.i. /Q = allowable strength) for in-plane bending (above or AISC Specification Section K3.2b) 
oM,-op = design strength (or Mp-op /Q. = allowable strength) for out-of-plane bending (above or AISC Specification Section 
K3.2c) 


Functions 


Q;=1 for chord (connecting surface) in tension 


Q;= 1.0 -0.3U(1+U) for chord (connecting surface) in compression (K3-1) 
PM, 

_ ie (K8-2) 
AF, SF, 


where P, and M, refer to the required axial and flexural strength in the chord: P, = P,, for LRFD; P, for ASD. 
M,=M, for LRFD; M, for ASD. 


* Equation references are to the AISC Specification. 
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Table 9-1A. Limits of Applicability of Table 9-1 


Branch angle: 
Chord wall slenderness: 


Branch wall slenderness: 


Width ratio: 
Material strength: 
Ductility: 


82 30° 
D/t<50 for T- and Y-connections 
D/t<40 for cross-connections 
D,, /ty < 50 
D, /ty $0.05E/Fye 
0.2<D,/D<1.0 
F, and F,, <52 ksi (360 MPa) 
F,/F, and Fi /Fn $0.8 


Note: Limits of applicability are from AISC Specification Section K3.2a. 


Table 9-2. Nominal Capacities of Rectangular HSS-to-HSS Moment Connections 


Connection Type 


Connection Nominal Moment Capacity* 


Branch(es) under In-Plane Bending 
T- and Cross-Connections 


| Ao Fy 

t—-E} 5, 

i 

M. ro™ | 
i> 


t 
| 


ai 
i 
ms 


|-B — 


Not present for 
T- connection 


Limit State: Chord Wall Plastification, when B < 0.85 


morte 2253 


; Q, K38-11 
2n 1-8 ad 


= 1.00 (LRFD) Q = 1.50 (ASD) 


Limit State: Sidewall Local Yielding, when B = 0.85 
M, =0.5F;t(H, +5t)” (K3-12) 


o = 1.00 (LRFD) Q = 1.50 (ASD) 


Limit State: Local Yielding of Branch/Branches Due to Uneven Load 
Distribution, when B = 0.85 


'b 


Deoi 
M, =Fyp 2. -(- B Jest (K3-13) 


= 0.95 (LRFD) Q = 1.58 (ASD) 


Branch(es) under Out-of-Plane Bending 
T- and Cross-Connections 


Limit State: Chord Wall Plastification, when B < 0.85 


M, = Ft? eet A, a y fa (K3-15) 
o = 1.00 (LRFD) Q = 1.50 (ASD) 
Limit State: Sidewall Local Yielding, when B = 0.85 
M, =F,t(B-t)(H, + 5t) (K3-16) 
® = 1.00 (LRFD) Q = 1.50 (ASD) 


Limit State: Local Yielding of Branch/Branches Due 
to Uneven Load Distribution, when B = 0.85 


2 
Deoi 
M, =F, 2 -08(1- a Br 5 (K3-17) 


'b 


o = 0.95 (LRFD) Q = 1.58 (ASD) 


Limit State: Chord Distortional Failure, for TConnections 
and Unbalanced Cross-Connections 


M, = 2F,t| Hot +, [BHt(e+H) | (K3-19) 


o = 1.00 (LRFD) Q = 1.50 (ASD) 
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Table 9-2 (continued) 


For T- and cross-connections, with branch(es) under combined axial load, in-plane bending and out-of-plane bending, 
or any combination of these load effects: 


LRFD: (PR, /6P,)+(Mrip Moin) +(Mr-op /'6Mpop ) < 1.0 (K3-20) 


ASD: [P. /(P,/2)]+[ Mei /(Mow /2)]+[Meop /(Mnop /2)]<1.0 (K3-21) 
oP, = design strength (or P,/Q = allowable strength) obtained from Table 8-2 or AISC Specification Section K2.3b 
oM,,io = design strength (or M,,;. /Q = allowable strength) for in-plane bending (above or AISC Specification Section K3.3b) 
6M,,-op = design strength (or Mop /Q = allowable strength) for out-of-plane bending (above or AISC Specification Section 
K3.3c) 


Functions 


Q;=1 for chord (connecting surface) in tension 


Q, =1.3- 045 <1.0 forchord (connecting surface) in compression (K3-9) 
a ie . sr 
& Z (K3-10) 
where P, and M, refer to the required axial and flexural strength in the chord: P, = P,, for LRFD; P, for ASD. 
M, = M, for LRFD; M, for ASD. 
Fy=F, for T-connections and =0.8 F, for cross-connections 
10 ( F,t 
Deo = —— B, <B 7 
Bit & b b (K3-14) 


* Equation references are to the AISC Specification. 


Table 9-2A. Limits of Applicability of Table 9-2 


Branch angle: 6 =90° 
Chord wall slenderness: B/t and H/t <35 
Branch wall slenderness: B, /t, and H, /t <35 
<1.25 ce 
Fp 
Width ratio: B, /B>0.25 
Aspect ratio: 0.5 <H, /B, < 2.0 and 0.5 <H/B< 2.0 
Material strength: F, and Fy, $52 ksi 
Ductility: F, [Fi and Fy» [Fun <0.8 


Note: Limits of applicability are from AISC Specification Section K3.3a. 
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9.4 CONNECTION DESIGN EXAMPLES 


Example 9.1—Cross-Connection with Round HSS (In-Plane Bending) 
Given: 


Determine the adequacy of the welded HSS cross-connection under the member loads shown in Figure 9-2. Loads consist of 25% 
dead load and 75% live load. Assume the welds are strong enough to develop the yield strength of the connected branch wall at 
all locations around the branch. 


From AISC Manual Table 2-3, the material properties are as follows: 


All members 


ASTM A500 Grade B 
F, = 42 ksi 
F, =58 ksi 


From AISC Manual Table 1-13, the HSS geometric properties are as follows: 


HSS6.000x0.375 
A =6.20 in, 

D =6.00 in. 

t =0.349 in. 
HSS4.000x0.250 
A, = 2.76 in, 

D, = 4.00 in. 

t, = 0.233 in. 

Solution: 


Limits of applicability 
From AISC Specification Section K3.2a and Table 9-1A, the limits of applicability for round HSS are: 


@ = 45°> 30° o.k. 
D _ 6.00in. 
t 0.349 in. 
=17.2< 40 0.k. 
M_, = 90.0 kip-in. 
Mp = 30.0 kip-in. 
HSS6.000x0.375 HSS4.000x0.250 


ASTM A500 Gr. B ASTM A500 Gr. B 


P, = 75.0 kips P, = 75.0 kips 
Pp = 25.0 kips Pp = 25.0 kips 
M, = 90.0 kip-in. 
Mp = 30.0 kip-in. 


Fig. 9-2. Welded cross-connection with round HSS. 
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D, —_ 4.00in. 


ty ~ 0.233in. 
=17.2<50 ok. 
D, _ 4,00in. 
a ~ 0.233 in. 
=17.2 <0.05—£- 
yb 
(eo 95, 
ib 46 ksi 
= 34.5 
17.2 < 34.5 ok. 
D, 
024" <10 
D 
D, — 4.00 in. 
D ~~ 6.00in. 
= 0.667 
0.2<0.667<1.0 ok. 
F, = F,, 
= 42 ksi < 52 ksi o.k. 
By, Fy, 
2" 208 
F, ub 
_ 46ksi 
58 ksi 
= 0.724 < 0.8 ok. 


Required flexural strength (expressed as an in-plane bending moment in the branch) 


From Chapter 2 of ASCE 7, the required flexural strength of the connection is: 


LRFD ASD 
M, = 1.2(30.0 kip-in.) + 1.6(90.0 kip-in.) M, = 000 Epa: 200 Kiba 
= 180 kip-in. = 120 kip-in. 
Chord plastification 


The nominal flexural strength for the limit state of chord plastification, for cross-connections with in-plane bending moments in 
the branches, is: 


M, sin = 5.39F,t’y°°BD,O, (Spec. Eq. K3-3 and Table 9-1) 
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__ 6.00in. 
~ 2(0.349in.) 
= 8.60 

Q, =1.0-0.3U(1+U) 


PM, 
ne + peaeaE 


for chord in compression 
AF. SF. 


(Spec. Eq. K3-1 and Table 9-1) 


(Spec. Eq. K3-2 and Table 9-1) 


From Chapter 2 of ASCE 7, the required axial strength, P,, in the chord is: 


LRFD 


ASD 


Fo =P, 
= 1.2(25.0 kips) + 1.6(75.0 kips) 
= 150 kips in chord 


= 0.576 
Q, =1.0-0.3(0.576)(1+ 0.576) 
= 0.728 


PB, =f, 
= 25.0 kips + 75.0 kips 
= 100 kips in chord 


M, =0 
F. =0.6F, 


= 25.2 ksi 
100 kips 
6.20 in.” (25.2 ksi) 
= 0.640 
Q, =1.0-0.3(0.640)(1+ 0.640) 
= 0.685 


The available flexural strength of the connection is: 


LRFD 


ASD 


2 0.5 
M, =5.39(42 ksi)(0.349 in.) (8.60) 
x (0.667) (4.00 in.) (0.728) /sin45° 
= 222 kip-in. 
6M, =0.90(222 kip-in.) 
= 200 kip-in. 
200 kip-in. > 180 kip-in. 0.k. 


M, =5.39(42 ksi)(0.349 in.) (8.60)”" 
x (0.667)(4.00 in.) (0.685) /sin45° 


= 209 kip-in. 
M, _ 209 kip-in. 
Q. 167 

= 125 kip-in. 


125 kip-in.>120 kip-in. 0k. 
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Limit state of shear yielding (punching) 


According to AISC Specification Section K3.2b(b), the limit state of shear yielding (punching) need not be checked when 
B > (1 — 1/)). Because B < (1 — 1/y), which reduces to D, = 4.00 in. < (D — 2t) = 5.30 in., this limit state must be considered. From 
AISC Specification Section K3.2b(b), the nominal strength is: 
1+ a) 


aera (Spec. Eq. K3-4 and Table 9-1) 
4sin’0 


M,, = 0.6F,tD; 


= 0.6(42 ksi) (0.349 in.) (4.00 in.) ees | 


4sin?45° 
= 220 kip-in. 


The available flexural strength of the connection is: 


LRFD ASD 
M,, = 0.95(220 kip-in.) M, _ 220 kip-in. 
= 209 kip-i Q 1.58 
Eni Hee ee = 139 kip-in. 
209 kip-in. > 180 kip-in. o.k. 139 kip in. > 120 kip-in. oo 


Example 9.2—Vierendeel Connection with Square HSS (In-Plane Bending) 
Given: 


A planar Vierendeel frame has an interior connection subject to the loads shown in Figure 9-3. The loads indicated consist of 50% 
dead load and 50% live load. For a fully rigid connection, it is recommended that such a connection have a width ratio, B = 1.0, 
and a chord overall width-to-thickness ratio not exceeding 16 (Packer and Henderson, 1997). It can be seen that these conditions 
are fulfilled with these selected members. Determine the adequacy of the connection under these in-plane branch loads. Assume 
the welds are strong enough to develop the yield strength of the connected branch wall at all locations around the branch. 


From AISC Manual Table 2-3, the material properties are as follows: 


Both members 


ASTM A500 Grade B 
F, = 46 ksi 
F,, = 58 ksi 
M, = 165 kip-in. 
Mp = 165 kip-in. 
P,, = 0.955 kips 
Pp = 0.955 kips 
HSS6x6x 6 V, = 4.89 kips 


ASTM A500 Gr. B Vp = 4.89 kips 


HSS6x6x 
ASTM A500 Gr. B 


P,, = 2.87 kips P,=7.45 kips 
U. = 82.5 kip-in. / Po = 2.87 kips Po= 1-48 Kips 14, 82.5 kip-in. 
Ap = 82.5 kip-in. —_— —e Mp = 82.5 kip-in. 
V, = 2.39 kips V, = 1.44 kips 
Vp = 2.39 kips Vp = 1.44 kips 


Fig. 9-3. Vierendeel connection with square HSS. 
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From AISC Manual Table 1-12, the HSS geometric properties are as follows: 


HSS6x6x!4 
A =9.74 in? 
B =6.00 in. 
H =6.00 in. 
t =0.465 in. 
S =16.1 in? 


HSS6x6x/6 
A, = 6.43 in.” 
B, = 6.00 in. 
H, = 6.00 in. 
t, = 0.291 in. 
Z, = 13.6 in? 


Solution: 


Limits of applicability for axial and moment loading 


From AISC Specification Section K2.3a and K3.3a, as well as Tables 8-2A and 9-2A, the following limits of applicability must 
be satisfied in the connection when the branch is loaded both axially and by bending moments: 


9 = 90° > 30° (Table 8-2A) and = 90° (Table 9-2A) o.k. 


The following limits of applicability are from both Tables 8-2A and 9-2A: 


B_H 
tt 
— 6.00 in. 
0.465 in. 
=12.9<35 o.k. 
Ay _ Fe. 35 
t, t, 
_ 6.00 in. 
0.291in. 
= 20.6 < 35 0.k. 
Ay _ By cy 95 | 
t), b yb 
(ips 
Fy \  46ksi 
= 31.4 
Ay = 20.6 < 31.4 o0.k 
b 
B, = A 
B B 
_ 6.00 in. 
6.00 in. 
= 1.00 = 0.25 0.k. 


05st == - 1.00 < 2.0 0.k. 


‘b 
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F, 


y =f, 


yb 
= 46 ksi < 52 ksi 0.k. 
— F. yb 


F, 


ub 


_ 46ksi 
58 ksi 
= 0.793 < 0.8 0.k. 


E 
F 


Required axial strength (expressed as a force in the branch) 


From Chapter 2 of ASCE 7, the required strength of the connection due to the axial load in the branch is: 


LRFD ASD 


P, = 1.2(0.955 kips) + 1.6(0.955 kips) P, = 0.955 kips + 0.955 kips 
=2.67 kips =1.91 kips 


Required moment capacity (expressed as a moment in the branch) 


From Chapter 2 of ASCE 7, the required strength of the connection due to the moment in the branch is: 


LRFD ASD 


M,, = 1.2(165 kip-in.) + 1.6(165 kip-in.) M, = 165 kip-in.+ 165 kip-in. 
= 462 kip-in. = 330 kip-in. 


Analysis under Branch Axial Loading 
Local yielding of chord sidewalls 


From AISC Specification Section K2.3b(c), the limit state of local yielding of the chord sidewalls must be checked if B = 1. 
Because B = B,/B = 6.00 in./6.00 in. = 1, the nominal strength of the branch for this limit state is determined from: 


P,sin@ = 2F,t(Sk + N) (Spec. Eq. K2-15 and Table 8-2) 
where 
k = outside corner radius of HSS 
= 1.5t 
= 0.698 in. 
N = bearing length on chord 
= 6.00 in. 


Therefore, the nominal strength is 


P,sin® = 2(46 ksi)(0.465 in.)| 5(0.698 in.) + 6.00 in. | 
= 406 kips 
iP = 406 kips 
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The available strength of the branch is: 


LRFD ASD 
P, = 1.00(406 kips) P, _ 406 kips 
: Q 1.50 
= 406 kips ae js 
Branch utilization = ee ee 1.91 kips 
406 kips Branch utilization = ———— 
271 kips 
= 0.00658 anne 


Local crippling of chord sidewalls 


For branches in compression and with B = 1, the limit state of sidewall local crippling must also be checked. From AISC Speci- 


fication Section K2.3b(c), the nominal strength of the branch for this limit state is determined from: 


3N 
P,sin® = 1.617 | 1+ IEF.O, 
> sin i | yO; 


where 


OQ; =1.3- 046 <1.0 for chord (connecting surface) in compression (left of joint) 


P.M, 
—_+ 
AF. _ SF. 


(Spec. Eq. K2-16 and Table 8-2) 


(Spec. Eq. K2-12 and Table 8-2) 


From Chapter 2 of ASCE 7, the required strengths, P,and M,, are determined as follows: 


LRFD 


ASD 


= 1.2(-2.87 kips) + 1.6(-2.87 kips) 
= —8.04 kips (tension) 
M,=M, 
= 1.2(82.5 kip-in.) + 1.6(82.5 kip-in.) 
= 231 kip-in. (causing compression) 
F, =f, 
= 46 ksi 
—8.04 kips 231 kip-in. 


9.74 in.(46 ksi) 16.1 in.*(46 ksi) 
= 0.294 


QO; = 13-04( 3] 


1.00 
=1.1821.0 
Use QO; = 1.0 


FP, =F, 

= —2.87 kips — 2.87 kips 

= —5.74 kips (tension) 
M,=M, 

= 82.5 kip-in.+ 82.5 kip-in. 


= 165 kip-in. (causing compression) 


(Spec. Eq. K2-10 and Table 8-2) 


F, =0.6F, 
= 27.6 ksi 

U = —5.74 kips n 165 kip-in. 

9.74 in.?(27.6 ksi) 16.1 in.*(27.6 ksi) 

= 0.350 

Os 13-04{ $3) 
=1.16>1.0 

Use QO; = 1.0 
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The available strength of the branch for the limit state of sidewall local crippling is determined as follows: 


P, . 
sin 
3(6.00 in. 
1.6(0.465 in.) | 1+——— ( } —, | ,/29,000 ksi (46 ksi) (1.0) 
6.00 in. — 3(0.465 in.) 
7 sin 90° 
= 1,961 kips 
LRFD ASD 
OP, = 0.75(1,961 kips) ty 5901 pe 
Q 2.00 
= 1,471 kips ee 98 kins 
Branch utilization = Reece ae Per 1.91 kips 
1,471 kips Branch utilization = ————— 
981 kips 
= 0.00182 eats 


Local yielding of branch due to uneven load distribution 


From AISC Specification Section K2.3b, the nominal strength of the branch for the limit state of local yielding due to uneven 


load distribution is: 
P= Bote (2H, + 2D igi 4t,) 


n 


where 


1 Ft 
Deoi = = ; B, < B, 
B/t\ Fut, 


_ 10 | 46 ksi(0.465 in.) (6.00 in) 
12.9| 46 ksi(0.291 in.) Jo 


= 7.43 in. > B, = 6.00 in. 
therefore b,,; = 6.00 in. 


The nominal strength is: 


(Spec. Eq. K2-18 and Table 8-2) 


(Spec. Eq. K2-19 and Table 8-2) 


P, =46ksi(0.291in.)| 2(6.00 in.) + 2(6.00 in.) —4(0.291 in.) | 
= 306 kips 
The available strength of the branch is: 
LRFD ASD 
oP, = 0.95(306 kips) Zs 
; Q 1.58 
= 291 kips ee = 194 kips 
Branch utilization = sae wae 1.91 kips 
291 kips Branch utilization = ———— 
194 kips 
= 0.00917 = 0.00985 


This limit state is the most critical for branch axial loading. 
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Analysis under Branch Moment Loading 


Sidewall local yielding 


From AISC Specification Section K3.3b(b), the limit state of local yielding of the chord sidewalls must be checked if B > 0.85. 
Because B = B,/B = 6.00 in./6.00 in. = 1.0, the nominal flexural strength of the branch for this limit state is determined from: 


M, =0.5F,t(H, + st) 
where 
F, =F, 
= 46 ksi 
Therefore 
M, = 0.5(46 ksi)(0.465 in.) 6.00 in. + 5(0.465 in.) 
= 741 kip-in. 


The available flexural strength of the branch for this limit state is: 


(Spec. Eq. K3-12 and Table 9-2) 


LRFD 


M,, = 1.00(741 kip-in.) 

= 741 kip-in. 
462 kip-in. 
7A1 kip-in. 
= 0.623 


Branch utilization = 


ASD 
M, _ 741 kip-in. 
Q 1.50 
= 494 kip-in. 
Branch utilization = SoC Pips 
494 kip-in. 
= 0.668 


Local yielding of the branch due to uneven load distribution 


From AISC Specification Section K3.3b(c), the nominal flexural strength of the branch for the limit state of local yielding due to 


uneven load distribution is: 


eoi 


b 
Fy Zp ™ 1- B,A,t, 
[2 =) | 
where 


b.o; = 6.00 in. from the previous limit state check 


M, a 


Therefore 


(Spec. Eq. K3-13 and Table 9-2) 


M, = 46 ms] 196 in’ — ( = (600 in.)(6.00 in.)(0.291 m) 


6.00 in. 
= 626 kip-in. 
The available flexural strength of the branch for this limit state is: 

LRFD ASD 

$M, = 0.95(626 kip-in. ) M, _ 626 kip-in. 

i Q 1.58 

=aeene ce = 396 kip-in. 
Branch utilization = asian at or 330 kip-in. 
595 kip-in. Branch utilization = ————_ 
396 kip-in. 

= 0.776 ~ 0.833 


This limit state is therefore the most critical for branch moment loading. 
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Total utilization of the connection capacity 
P. M 


Using LRFD: jut EP <1.0 (from Spec. Eq. K3-20 and Table 9-2) 
OP, OM,» 
P, M,_ip . 
+ = 0.01 (axial) + 0.78(moment) 
OP, OM, ip 
= 0.79 <1.0 0.k. 
é PE; M,-ip 
Using ASD: + <1.0 (from Spec. Eq. K3-21 and Table 9-2) 
(B /Q) (M,- /9) 
oe 0.01(axial) + 0.83¢ t) 
= 0.0 1(axi: .83(momen 
(P,/Q) (,4,/2) 
= 0.84 < 1.0 o.k. 


The summations differ between LRFD and ASD because of the particular live load to dead load ratio in this example. 


Example 9.3—Cross-Connection with Rectangular HSS (Out-of-Plane Bending) 
Given: 


Verify the adequacy of the welded cross-connection shown here, where the branches are subject to balanced out-of-plane bending 
moments. Loads consist of 25% dead load and 75% live load and are shown in Figure 9-4. Assume the welds are strong enough 
to develop the yield strength of the connected branch wall at all locations around the branch. 


From AISC Manual Table 2-3, the material properties are as follows: 


All members 


ASTM A500 Grade B 
F, = 46 ksi 
F,, =58 ksi 
M, = 105 kip-in. 
Mp = 35.0 kipin’? 
HSS8x6x% —| = 6.00" 
ASTM A500 Gr. C 
HSS16x12x 
ASTM A500 Gr. C 
P, = 300 kips P, = 300 kips 
Pp = 100 kips = Pp = 100 kips 
HSS8x6x% 
ASTM A500 Gr. C 
=| be 8.00" 
M, = 105 kip-in. 
_ Mp = 35.0 kip-in. 


Fig. 9-4. Cross-connection with rectangular HSS. 
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From AISC Manual Table 1-11, the HSS geometric properties are as follows: 


HSS16x12x% 
A = 30.3 in? 
B = 16.0 in. 
A =12.0in. 
t =0.581 in. 


HSS8x6x% 
A, = 8.97 in? 
B, = 6.00 in. 
H, = 8.00 in. 
t, = 0.349 in. 


Solution: 
Limits of applicability 


From AISC Specification Section K3.3a and Table 9-2A, the limits of applicability for this connection are: 


6 =90°=90° o.k. 
H _ 12.0in. 
t  0.581in. 
= 20.7 <35 o.k. 
B _ 16.0in. 
t 0.581 in. 
=27.5<35 0.k 
B, _ 6.00in. 
t,  0.349in. 
= 17.2 <35 0.k 
Ay _ 8.00 in. 
t,  0.349in. 
= 22.9<35 o.k. 
By ag 
ty 
£125 |~ =314 o.k. 
Fy 
By = 999 
ty 
£125 |£ =314 o.k. 
Fy, 
B, _ 6.00 in. 
B 16.0 in 
= 0.375 > 0.25 o.k. 
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A, 


0.5 <+<20 
b 
H, _ 8.00in. 
B,  6.00in. 
=1'53 
0.5 <1.33<2.0 ok. 
0s<2<20 
B 
H  12.00in. 
B 16.00in. 
= 0.750 
0.5 <0.750< 2.0 ok. 
Fy, = Fy 
= 46 ksi < 52 ksi ok. 
Fy Fy» 
F. Fy 
46 ksi 
~ 58ksi 
= 0.793 <0.8 ok. 


Required moment capacity (expressed as a moment in the branch) 


From Chapter 2 of ASCE 7, the required strength of the connection due to the moments in the branches is: 


LRFD ASD 


M, = 1.2(35.0 kip-in.) + 1.6(105 kip-in.) M, = 35.0 kip-in. + 105 kip-in. 
= 210 kip-in. = 140 kip-in. 


Chord wall plastification 


According to AISC Specification Section K3.3c(a), the limit state of chord wall plastification need not be checked when f > 0.85. 
Because B = B,/B= 0.375 < 0.85, this limit state must be considered. From AISC Specification Section K3.3c(a), the nominal 
flexural strength of the main member chord is: 


,| 0.54, (1+8)  /2B8, (1+8) 


M, =F,t + QO; (Spec. Eq. K3-15 and Table 9-2) 
(1-B) (1-B) 
where 
OQ; =1.3- 046 <1.0 for chord (connecting surface) in compression (Spec. Eq. K3-9 and Table 9-2) 
P.M, 
- + 


(Spec. Eq. K3-10 and Table 9-2) 


AF, SF, 
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From Chapter 2 of ASCE 7, the required strength, P,, is: 


LRFD 
P. =P, 

= 1.2(100 kips) + 1.6(300 kips) 

= 600 kips 
M, =0 
FE, =F, 

= 46 ksi 

600 kips 
30.3 in.”(46 ksi) 

= 0.430 
QO, =1.3- o4( 00) 

= 0.841 


ASD 
P =P, 
= 100 kips + 300 kips 
= 400 kips 
M,=0 
F, =0.6F, 
= 27.6 ksi 
400 kips 
~ [30.3 in.?(27.6ksi) 
= 0.478 
QO, =1.3- o4( 2%] 
= 0.790 


The available flexural strength of the main (chord) member for the limit state of chord wall plastification is determined as 


follows: 


LRFD 


ASD 


M,, = 46 ksi(0.581 in.) 
0.5(8.00 in.)(1+ 0.375) 
x 
(1- 0.375) 


. | 2(16.0 in.)(6.00 in.)(1+ 0.375) (0.841) 
(1- 0.375) 
= 383 kip-in. 
M,, = 1.00(383 kip-in.) 
= 383 kip-in. 
383 kip-in. > 210 kip-in. 0.k. 


M, = 46 ksi(0.581 in.) 
0.5(8.00 in.)(1+ 0.375) 
x 
(1- 0.375) 


. pes in.)(6.00 in.)(1+ 0.375) (0-790) 
(1-0.375) 
= 360 kip-in. 
M, _ 360 kip-in. 
Q 1.50 
= 240 kip-in. 
240 kip-in. > 140 kip-in. o.k, 


The limit states that are applicable for B > 0.85 do not control and need not be checked because B = 0.375. The limit state of chord 
distortional failure is not applicable as this cross-connection has self-balancing branch moments. 
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Symbols 


A 


chord member cross-sectional area, in.” (mm_7); refers 
to main member for HSS-to-HSS connection 


branch member cross-sectional area, in.” (mm7); nomi- 
nal unthreaded body area of bolt, in.” (mm?) 


effective net area, in.” (mm7’) 

gross cross-sectional area of member, in.” (mm?) 
gross area subject to shear, in.” (mm?) 

net cross-sectional area of member, in.” (mm?) 
net area subject to tension, in.” (mm) 

net area subject to shear, in.? (mm?) 

projected bearing area, in.” (mm7”) 

effective area of the weld, in.” (mm?) 


e/L; distance from bolt centerline to edge of end plate, 
in. (mm) 


a, +d,/2 


as 1.25b = effective value of a, for use in bolt-prying 
calculations 


overall width of rectangular HSS main member, mea- 
sured 90° to the plane of the connection, in. (mm) 


overall width of rectangular HSS branch member, 
measured 90° to the plane of the connection, in. (mm) 


overall width of rectangular HSS overlapping branch 
member, in. (mm) 


overall width of rectangular HSS overlapped branch 
member, in. (mm) 


effective width of plate, measured 90° to the plane of 
the connection, in. (mm) 


width of plate, measured 90° to the plane of the con- 
nection, in. (mm) 


distance from bolt centerline to face of connected 
member, in. (mm) 


b — d,/2 = distance from face of bolt to face of con- 
nected member in. (mm) 


effective width of the branch face welded to the chord, 
in. (mm) 


effective width of the branch face welded to the over- 
lapped brace, in. (mm) 


flange width, in. (mm) 


D, 


Deg = 
Drain = 


coefficient for eccentrically loaded weld groups; 
compression force, kips (N) 


electrode strength coefficient 


Compressive force using ASD load combinations, 
kips (N) 

Compressive force using LRFD or ASD load combi- 
nations, kips (N) 

Compressive force using LRFD load combinations, 
kips (N) 


outside diameter of round HSS main member, in. 
(mm); number of sixteenths-of-an-inch in fillet weld 
size 

outside diameter of round HSS branch member, in. 
(mm) 


effective weld size, sixteenths-of-an-inch 


minimum number of sixteenths-of-an-inch in the fil- 
let weld size 


nominal fastener diameter, in. (mm); full nominal 
depth of the section, in. (mm) 


bolt diameter, in. (mm) 
bolt hole diameter, in. (mm) 


diameter of part in contact with the inner surface of 
the HSS, or diameter of welded stud, in. (mm) 


modulus of elasticity of steel = 29,000 ksi 
(200,000 MPa); effective throat thickness of weld, 
in. (mm) 


eccentricity in a truss connection, positive being 
away from the branches, in. (mm); eccentricity of 
the required force with respect to the centroid of the 
bolt group or weld group, in. (mm); eccentricity of 
the required load with respect to the center of the 
connected plates, in. (mm) 


available stress = Ff, (LRFD) or 0.6F,, (ASD), ksi 
(MPa) 


available critical buckling stress, ksi (MPa) 


nominal strength of the base metal, ksi (MPa) 


= electrode classification number, ksi (MPa) 


force in the flange, kips (N) 


= nominal tensile stress, ksi (MPa) 
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ky 


specified minimum ultimate strength of material, 
ksi (MPa); refers to main member for HSS-to-HSS 
connections; specified minimum tensile strength of 
connecting element, ksi (MPa) 


specified minimum tensile strength of HSS branch 
member material, ksi (MPa) 


specified minimum ultimate strength of plate, 
ksi (MPa) 


nominal strength of weld metal, ksi (MPa) 


specified minimum yield stress of material, 
ksi (MPa); refers to main member for HSS-to-HSS 
connection 


specified minimum yield stress of HSS branch 
member material, ksi (MPa) 


specified minimum yield stress of plate, ksi (MPa) 
specified minimum yield stress of web, ksi (MPa) 


gap between toes of branch members in a gapped 
K-connection, neglecting the welds, in. (mm); 
transverse center-to-center spacing (gage) between 
fastener gage lines, in. (mm) 


overall height of rectangular HSS main member, 
measured in the plane of the connection, in. (mm) 


overall height of rectangular HSS branch member, 
measured in the plane of the connection, in. (mm) 


moment of inertia, in.* (mm*) 
effective length factor 


outside corner radius of the HSS, which is permitted 
to be taken as 1.5¢ if unknown, in. (mm); distance 
from outer face of flange to the web toe of fillet, 
in. (mm) 


distance from web centerline to flange toe of fillet, 
in. (mm) 


length of fastener or weld, in. (mm) 


length of connection, in. (mm); clear distance, in 
the direction of the force, between the edge of the 
hole and the edge of the adjacent hole or edge of the 
material, in. (mm) 


total effective weld length of groove and fillet welds 
to rectangular HSS, in. (mm) 


gross length subject to shear, in. (mm) 


weld length, in. (mm); length of connection, 
in. (mm) 


bending moment, kip-in. (N-mm) 


QG = 


Q, = 


required flexural strength (ASD), kip-in. (N-mm) 
available flexural strength, kip-in. (N-mm) 


specified dead load bending moment, kip-in. 
(N-mm) 


specified live load bending moment, 
(N-mm) 


kip-in. 


= nominal moment capacity, kip-in. (N-mm) 


= nominal plastic bending moment capacity about 


x-axis, kip-in. (N-mm) 


required flexural strength, kip-in. (N-mm) 


= required in-plane flexural strength in branch, using 


LRFD or ASD load combinations as applicable, 
kip-in. (N-mm) 


= required out-of-plane flexural strength in branch, 


using LRFD or ASD load combinations as appli- 
cable, kip-in. (N-mm) 


= required flexural strength (LRFD), kip-in. (N-mm) 


bearing length of the load, measured parallel to the 
axis of the HSS member (or measured across the 
width of the HSS in the case of loaded cap plates), 
in. (mm) 


number of bolts 

overlap, O, = (g/p)(100%) 

required axial strength (ASD), kips (N) 
available axial compressive strength (N) 
specified axial dead load, kips (N) 
specified axial live load, kips (N) 
nominal axial strength, kips (N) 
required axial strength, kips (N) 
required axial strength (LRFD), kips (N) 


projected length of the overlapping branch on the 
chord, in. (mm); tributary length per pair of bolts in 
perpendicular direction, in. (mm) 


reduction factor (<1.0) to account for the effect of 
normal stresses in the chord member connecting 
surface 


factor to account for gap or overlap in round HSS 
connections 


the overlap length measured along the connecting 
face of the chord beneath the two branches, in. 
(mm) 
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t, min 


radius of joint surface, in. (mm) 

required strength (ASD), kips (N) 

available tensile strength of one bolt, kips (N) 
nominal strength, kips (N) 

required strength, kips (N) 

required strength (LRFD), kips (N) 

radius of gyration, in. (mm) 

nominal strength per bolt, kips (N) 


chord elastic section modulus, in.* (mm/?); partial- 
joint-penetration groove weld depth, in. (mm) 


bolt spacing, in. (mm) 


design wall thickness of HSS main member, in. 
(mm); thickness of element, in. (mm) 


tensile force using ASD load combinations, kips (N) 


design wall thickness of HSS branch member, in. 
(mm) 


available tensile strength, kips (N) 
thickness of flange, in. (mm) 


minimum thickness of HSS material to develop full 
strength of the weld, in. (mm); minimum thickness 
required to eliminate prying action, in. (mm) 


thickness of plate, in. (mm) 


tensile force using LRFD or ASD load combinations, 
kips (N) 


thickness of stem plate, in. (mm) 

tensile force using LRFD load combinations, kips (N) 
thickness of web, in. (mm) 

chord utilization ratio; shear lag factor 


reduction coefficient, used in calculating block shear 
rupture strength 


specified shear dead load, kips (N) 

horizontal component of applied load, kips (N) 
specified shear live load, kips (N) 

required shear strength, kips (N) 

vertical component of applied load, kips (N) 


width across flats of nut, in. (mm); plate width, 
in. (mm) 


BM 


weld leg size, in. (mm) 


effective weld size, in. (mm) 


= equivalent weld size, in. (mm) 


connection eccentricity, in. (mm) 


plastic section modulus about the axis of bending, in.* 
(mm*) 


branch plastic section modulus about the axis of bend- 
ing, in.* (mm*) 


width ratio; the ratio of branch diameter to chord diam- 
eter = D,/D for round HSS; the ratio of overall branch 
width to chord width = B,/B for rectangular HSS 


effective width ratio; the sum of the perimeters of the 
two branch members in a K-connection divided by 
eight times the chord width 


= effective outside punching parameter = 5f/y, but < B 


1-d,/p 


chord slenderness ratio; the ratio of one-half the diam- 
eter to the wall thickness = D/2t for round HSS; the 
ratio of one-half the width to wall thickness = B/2t for 
rectangular HSS 


gap ratio; the ratio of the gap between the branches of 
a gapped K-connection to the width of the chord = g/B 
for rectangular HSS 


load length parameter, applicable only to rectangular 
HSS; the ratio of the length of contact of the branch 
with the chord in the plane of the connection to the 
chord width = N/B, where N = H,/sin0 


resistance factor 

resistance factor for base metal 
resistance factor for flexure 
resistance factor for shear 
resistance factor for weld metal 
safety factor 

safety factor for base metal 
safety factor for flexure 

safety factor for shear 

safety factor for weld metal 
b'la' 


acute angle between the branch and chord, degrees 
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